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Hnstprimlly. Amer:can education has been responssve 1o :the demands
placed upon 1t by 1ts constituents to resolve human pr.oblefﬁs; Curriculum—
the what of learning—is influenced by both societal, advancements and
. problems : v )
7 . . . .
'The'w'ogldwnde -energy problem demands that priority’be ptaced upon seek-
ing solutions -Hard-hitting shortages have brought general recognition that
the sources of energy are exhaustible™Energy to turn the multitudinous
‘wheels of American industry, to transport a highly mobile people, to sup-
port the corivernences of homes, and to make passible recreational ac-
tivities 1s becorﬁing more and mare scarce. A complexity of reasons con-
tabute to this situation. finite energy sources. the demands’ of life styles

resulting from the technological achievement by people throughout the

world. comparatively limited support to research, and waste. *

-

. The energy problem touches the lives of all people. Hence, schegls are in-,

volved in efforts affecting dur destiny. Students of all ages must be taught
the energy conservation ethic, which meaps using energy more efficiently
and with less waste. The significant understanding of sharing among
. hatlons and, world depgndency must.he acquired. And as a primary gpal,
" schools are called upon to provide cr;_ativg s’qcial and scientific .thinkmg,
exploration, and problem-solving experiences. ft could well be that some
youths now in-schiool thay discover untapped sources+of energy, find new
ways “to adapt old sources, and invent new machines capabls of con-
tnibuting. to Solutions.for this complex problem.

* Jo assist teachers in both the elementary and secondary schools, these in-

service gu:delu‘\'gs on energy and energy conservation have been prep'qred.
. Ttis our hope that teachers will use these miaterials as a starting point and
9o far beyend in this necessary instruction. A broad effgrt is needed to help

our society deal with a growing problent which affects all lives and Alperl_qa,

itself. . . - < -
~ . LN . . < _ .
. - 2" . - e
N H L) N o .
ey ; . .\ .
- MartinW, Essex ~ S -
Superintendent of Public fastruction , - =
e . T i - :A. r -
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INTRODUCTION

At no other time m'the tustory of our cduniry has there been a greater nebd
for a national commitment to conserving existing energy sourees and seek-
ng new onds. A united effort by al} Americans is necessary to fulfill-this
commitment. There 1s no better place-or time to begin than in today’s
schools,-with studemts who will be tomorrow's adults. It is their lives which
will be affected by the energy prdctices ang policies of the present.

The teacher’s responsibility is a critical one in teaching about the sources
and uses of energy, the multi- faceted problem, and the energy conserva-
tion .ethic. Attitudes, along with technqlogy, are important in working

- toward solutuons .. ,

e P . Y

- AN v

Th D-ivusnon of Educational Redesign and Renewal coordinates the Ohio
Department of Education’s inservice eenter. Oné of the division's major
responsibilities is the development and dlssemlnat«on of INDIVIDUALIZED
INSERVICE PACKETS, practical redources for independent study or for the
use of teacher-leaders working-with groups of colleadues. A Teacher's n-
trpduction to Energy and Enérgy Conservation is ancther of these stapnd-
féee inservice resburces. ! s

This material is intended to gwe jhe teacher background informatjon and
general suggestions for teaching units and correlated learning activities.

.

‘>

Sectlons are directed to: A Problem Shared by All, Causes, What Is .

Energy?, Energy Sources, Searching for Soldtions, Conservation; An Ethic
for Everyone. a glossary, énd an extensive blbhography The background n-
formanon has been written for all teachers from the kindergarten through
the secondary school. Four teaching units prgwde for the differentiation of
mstructlon kindergarten-primary, upper elementary, middle school, and
mgh school level. . - .
In addition, a slide pocket is provided for examples of slides related to
energy education. Teachers and students are encouraged to build & siide
collection by taking pictures which show energy sources, uses, conserva-
tion practices and industries in the nearby community.

The major goal of this ‘inservice publicatien is to give the teacher orienta-
ton to energy education and the encouragement to do -research and
teaching beyond the initial, condensed content. Another goal is that the
n?atenéLs will stimulate school districts to build ertbrgy education into the
cgrncul h. .

-

.

~
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WHAT IS YOUR E.Q.? (Energy Quotient)

. Why are our major fuels called fossil fuels?

)
- What aré the three principal fossil fuels?

. Of‘the nonrenewable fuels, which is most abundani?

. What a{e the basic causes’of the energy problem?

. What is the primary use of. transportation energy in our country?

What are the advantages and disadvantages of electricity?

[}
- -

Name three nonfossil sources of energy.

P [

t . - L

Give examples of h6w the study of energy can be rélated to science, mathematrcs '
social studles lltera’ture art, music..

.
N . ’

What are posigyve features of-the energy shortage? S

- —-

L4 -~

What two _categories combined take over half of the average Amerrcan family’s
energy budget? . - o .

v’ \

. - - —
- P

—

. . . - °

Why is electricity .called‘ ‘secondary energy? w_ : .’ S\ _
In what two ways does electricai power’ waste energ;y? ’ S
How were substantial quantities of natural gas reserves wasted? i ' :
What oht’ions do we have to meet energy demarl'd?" ] . ‘
How 1s _ene.r‘gy defined in physics? i
c .

What are the two states of energy? : o -

What two kinds of energy transformatlons take.place in the sun whrch man has
learned how to duglicate? - . .

-

The thtee types of energy converslon pracesses are mechanrcal (physrcal) ‘
chemical, and nuclear (atemic). . *

(a) In which of these( processes ls-waste heat generated?
(b) Which is the primary‘p,rocess responsible for all the energy we have?
(c) Which process takes place in a storage battery? @‘ .

What uait is used commonly to measure potential or.kinetic energy?
ey B L

~

How 1s efficiency of the energy process defined? _ - . -

.. 8 A




. . 13
21 When a substance is heated, it increases the movement of atoms, therefore,
heat is really what kind of energy? T t
4
22 Uranium, green plants, coal, natural gas, sunhght fuel oil, oil shale, and
. * hydropower are sougces of energy.

\)
(a) Which of these sources are renewable or continuous?

(b} Which of these sources are nonrenewable or exhaustible? A
23. What generalizations can be made about fossil fuels?
24. Which of the fossil fuels is most abundant in Ohio?-

' 25. What r’nvention gave the im‘p\etus to supplant wood. with ‘coal?

>

. -~

v " 2p. What are spme advantages in Using il or gas over coal?
27 Whrch fossll fuel is the prlncrpal one not berng completely utrlrzed in the United
States? . . .

’

28 What energy conversron process may ultrmately create the biggest new market
for coal? .

29. What are possible sources of energy for the future?

1] 7 *
30 What change took place in November 1970 that gave us cause to worry about
sour future orl supply? . e
31. What is the goal of Project Independence? ) LY
32 Namé thiree téchnology advancements.being made in the energy. field.” . ’ -
* . . .. S )
!33.. What are three advantages of recycling? : [\ . .
34. What ase problems in total recycling of throwaway materials? . T .
2 e 1 .
. . 36. What ways does the concern for natural envrronment frgure in the energy_ .
problem? ) . ~
’ - . :
v 36 What factors will encourage the development of new &nergy resourtes? . B

-

. 37. What is the energy conservation ethic?
38. How can the energy conservation ethrc be practiced in schools? .

39 What are some conservation measures which may be practrced in the home and
community?

P %
40 How can local, state and natronal government assist in the conservation of

*
.
9 a
. . .
.
.

. -~
<
.

energy?
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As we are gaining a réalistic view of the energy /zfqb/em, we have
become aware of the finite nature of fossi/ fuels. Our students also

need.a comprehensive appraisal befﬁr? they can devise ideas for 1 g

solutions.. ,

-

[* .. QUESTIONS TO GUIDE YOUR READING
T " oo - i E .
At present congumptign rates, when do the optimists say we will
-run-out of domestic oil resource )

When do pessimists say we wi run- out?
. . . ' [

How long will our domestic ‘cqal last? ~ /

. - v
. 5 -
. .

In what ways‘can the study pf éﬁergy be r¢latedto. - - - oo

science o | \ ’ '_’
; mathe'métic’s" o/
) s'ocia-l §tudies
-3 . literature

art

[y

" music?
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o A PROBLEM SHARED BY ALL |
R We in America are a problem- ;us owe our jobs to the The longer we wait In WOr'kln\g
.solving sotiety. }Ne live in the automobnle industry. We turn  towards solutions, the fewer op-
spirit of, "Can do!”* and, while we “‘down the ther mostats.,and  tions we will have. The evidence

no longer believe that every
problem has a simple solution,
we believe that man, «f he looks
hard * enough and works hard
enough, can do much about im
proving his own living conditions.
In this sense, we, like our pioneer
forefathers, are pragmatists. Qur
approaches to recent problems
continue to evidence this.

As an example putting a man.on
. the moon was the result of a
clearly .defmed approach to a
8pecific , problem, with 1m-
plications which reached into
ciassrooms, where the challenge
was to improve science educa-
tion. More recentfy our efforts to
clean up the envurooment have

semetimes . shiver in chilly
classrooms to conserve natural

g8s, yet'we are told that America’

has enough coal for many hun-
dreds of years—if only someone
cart find ways of using it properly.

‘l
Y

But,we have, at least, ntade some .

prodtess towar¥ recognizing the

, problem In the 1960°'s, when the

warmngs became clear, many. of
us ‘simply” didnt believe them.
Then, when we began <o feel the

pinch, some of us blamed the in-~

dustnal and political sectors of
our ‘soctety. 1t seemed in-
conceivabls that America
suddenly%ould go from an abun-
dance b & shortage of fuel. But

1s clear that the era of cheap fuel
is ended.*It s, however, not a
matter alone of fuel becommg
more expensive The greater
problem 1s diminishing availabil-,
ity based, -oh past and present
rates of consumption. .At issue)
therefore, is the quéstion of our~
nation's whole value system. As
readily, &vailable. domestic
supplies "of toal, natural gas and
petroleam dwindle, earfier valués
which have led to unrestricted

-consumption must yield o reality.

Historically, eénergy sources-have

»been supplanted by newer, more

efficient sources. Eirly " man
found he could augment his own
muscle power with the muscle of

had therr roots .in Iqrgely* °no longer!*We at last are begin-’ ! A
successfuicological programs in =~ ning to realize what' the -a@pimals for a greater power sup-
the schoolS. There.is no reason to  economists  have been  saying ply, As tivilizatbn' advariced, .

assume that the readjustments
required by a newgnderstanding
of the value and scarcity of _
energy sources will not also have
their roots in education.

Yet, the “energy crisis” is a most
perplexing problem. Daily, the
headlines add: to the confusion.
. We must redute oIl imports and
cut dowjt on gasoline consump-
tor, yet we depepd, on the
automobile for shopping and get-

since before
were in schodl. "As tHe cheapest
.energy sources are becoming ex-
hausted, the real costs are gomg

up. i

While ¢hisSs a problem shared by,
all of us, it 1s not a situation
which'is all bad. As we recognize,
for example, the extent .of our
dependence upon’ foreign
suppliers, we realize that the Un
)ted State§ must move toward

" self-sufficipncy in energy supply.

today') teachers’

wood became a chief source of' R
power. During the ‘Industrial
Revolution, * coal - supplemented
and then replaced wood as the
fuel-to power, rapidly growing and-*
expanding industry’ :
Ut ’ a o
qu\f_ué.?Suppﬁes dre wanmg

Qur " search for altematwes

. suggests that we c0uld be on the .

brink <'8f ahother te(:;\nologucal
revolution -in, energy—the‘* dis-
covery of -new soufceé. am%cqn
version processes .

ting to worl:‘ and 1in Ohio many af }
) . - - . '\'l . t . . o . ) . . .
A\‘l ( R » .. . ~» ’ ‘ ) . . - R , . . . .
- ERIC - St f¢-- 0 . .
Y ) " s ‘ S o .o, . .

. . i : '
: . . " . . » . N




:The table ‘oeLow stnkmg’fy n-
dicates thata number of sources .
of energy may.be depleted wnhm
the life spans of studems now In
school.

Buf even this does not say
enough As supplies of oll and’

‘1btal energy‘ budget.

Stmle” oil
reserves In Wyommg, Colorado, .
and. Utah are great,
again there are , monymental
‘pollution p\'oblems' *Copking™ oil
shale to- release the ol sauses
the rock to swell and produces’
alkall eompounds, which pollute

gas level off and decrease, we - soil and watér - P

* obviously will no longer be able
to get nearly 80 percent of oy
power from them. Coal reserves
are great. but there may have to
be’ trade-offs .  between coal
availabilit and env:rdﬂmemal
fattdrs. Strip mining’1s the “only
Cost-effective way to reach many
of our coal reserves Nor js it
economrcally feasible to remove
the sulfur in most of our
‘bituminous coal, using presently
available technology. Nuclear tuely
reserves are far greater than the
) projected 100-year supply. if
technological develapment of ad:
vanced ®ucledr power plants
(breeder ‘reactors) 1s continued.
Y&, nuclear power de%efbpment
has been painfully slow and is
attended® with complex en-
vironmeéntal and health qoncerns :
*Today nuclear power accéunts for
only about t#®o percent of, our

.',

N

-

The situation s not hopeless
New,sources of oil are being dis-.
cogered. New ways are béing
found to convert coal to gas New
research 1s- pdinting to more-ef-
ficilents uses of atomic energy.
And néw ways are being-found to
use old energy sources:
energy of the earth, the sun, the
winds and the tides. .

- -

N\

But all of thus wil take time, and-

it'will demand the use-of our best
‘brain power Todays children
need. to learn to cope witlp the’,

but here .

Under*sta‘ndmgs - about

the,

“ 1t,why-and how ILIS used.

priorities. The*problem® 1s more"
than a maiter of adequate supply;
we. must decrease our rate of
consumption whlle working ”

) toward solutions. £ .

’ -

‘
J _ . -
- - .

‘the
sources and uses .of £nergy and a
cormmitment to energy conserva- .
tion require teaching-learning
emphasis. And it is not enough
S|mply to come up with I|§ts of
helpful* hm,ts" that students can..
take home_to their parents. Cer-
tamly’ conservation of energy
should start> in . the home.
Howaver, if conservation’ is to be
:meaningful, there must be an un-
derstanding of what energy_ 1§,
where fi.comes from, who uié,es

v

}The role of ene/gy has bearing

4pon various school subjects, The. ,

situation ag it.is being presented " correlatuons with science and

to-them, and they< must be
prepared so they\ may do

Somethirtg_.about it. Pfowdlng
energyrfocused mstruct:on will

"'be an ongoing actwvity, for.it will '

reqfite, us- to stay aware of

,swnftly changing use Fatterns and )
3

-~ '

- . s
. - .

mathematlcs are‘ readily noted.
Nowever there are” others. The
sun, the ultimate-engrgy sburce,
has-had a dominant influence in
.music and:art. History: chronude;
the 8vancemént of sociefies.in
retatl,on~s.h|p with _ene\rgvﬁuse.

AP L

US. Energy 2 "
Resources

Poterifial Reserves ©

_O(zr FueI‘Predicémenit- y

<

oil ¢

Coal
B 3

Nuclear Fuel
* * (uranjum)

" Stale Ojl

100 billion barrels

\ .
Natgral*Gas 1000 trllllwu trillion cu.ft. . 10-
. .7, . / -

3.25 trillion tons  <1.5 trillioA>tons

e - .' *
1.7 million tofs

Unknown *

7

R '

.7 million tons

-

¢
Known Reserves Years Left /\s -
35 billion barrels

200 billion barrels UnknoW£~°

10-30

500-1000

106:(~1000 wifh_
breeder reactork)

»
'}

Nog:

g1 N\

-

‘
N
- N

Aruitoxt provided by Eic:
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Flgures are estimates-derived from several sources. Estimates: of enérgy-ressurces
vary wudely, often depending to some extent on the interests of the estimators.

7
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. energy

p~~ . - Xower The sources of energy
. used today are s.mply taken -for -

Q

RIC
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Literature tells of the fives of peo .
ple involved \n the development
of enerdy Examples are novels
such¥s Richard Llewellyn s How

* Green Was My Valley and A J

Cronin’'s The Stars Look Down
The Molly Maguires {19th cen-
tury m.l-tant‘PennSylvan;a
miners] are the subjects of non
fiction works LI

N :
Althoughr;nergy use 1Siso*‘much
a, part of the daily. Jives of
Amernicans, * studies indicate a
general lack of awgreness about
sources of energy and, how
1S used to generate

granted .

I¥}s hoped that students wyll

reterse ths carefree flip of'the
switch ’ pSychology by becommg
fully and weil nformed about
energy, uses, condumption and
related problems Future resgon-
Slblhtx willk be wupon therr
shoulders. it 1s not too earky, even
at the kindergarten.leve[, 1o®egin
thinking  about “néw and in-
novafive ways of saving energy
and unlocking. p.ew resources.

For these exercises, our text can
be, the teal world as it exists and
changes And our school setting
nself can bgcome a model £nergy
coriservation center
maintain lower temperawres

use hghts and paper carefully.
" and then in a mathematics class

" patterns of . ¢children

.others. .
We « can

we can calculite the effects to
see what they really meah.

a dniver education class ,we can
study-the energy sawng (as well
as safety; aspects of good driving
habits In social studies we can
study the energy consumption. ,
in othera
countries where foel 1s already
scgrce” And we can visit and
learn from people.in the-com-
munity whose Job it<already 1s to
conserve energy-. © ‘people at the,
electric ‘company, the gas com-
pany-  the school custodign

the schoel bus supervisor ... . and

-

The possibilites, for. Iearﬁm,g by °
doing and seemg for ourseivesf
are limittess!”® '

»

Id

N




L4

CAUSES -

-

’ ) . ¢

Man’s ability to ‘tontrol and deaelop energy sources has hejped to -
~ make ciw'li?ation‘pos§iﬁle. To save civiliz_atioh; he must.now buy ;
" time Jor finding new &nergy spurces by conserving the fessil fuels

... thatareeft.. . - - . - Pat

<
N ot -~
0 o
—_* Pl - o -

2. - QUESTIONS TO.GUIDE YGUR READING
R ;! ‘What twé categories comhinied take over half of the American -
- XF - family$energy budget?. - . SR |

.~ What fraction of all American workers have jobs associated with
+the-automobile business? - v, e

. .,. \ ‘ - ~ . . .
“WHen will nuclear power'begin to make major contributions to our
electricalsupply? ' : A ~

[}
LY
[
13

‘What is catled sé}:o’ndéry energy?

2 PR : L
+ Why is it called secondary energy? :
. How did we waste substantial, quantities of ouf natural gas -
_w reserves? — .o

What bo}we neé’d~tq gettoan era of enetgy'abundance? (one word).

*

’
i
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fFrom early man to.thépresem,
progress can be recorded n one
way as a senes af technological
jumps —each one directly related
to energy use. Man's control of
fire with wood as the primary fuel
permitted him t¢ cook and
preserve food. to live mn an
ctherwise nhospitable environ
ment With coaf, a more concen-
trated energy source, he could
develop manufactu(ing and ex
e trade via sxeamshnps and
Qv ads Od and natural gas
gave him added mobility™and
opeg ed new prospects .for
chemscal technology Nuclear
energy already has permitted
significant advances n med.ca}
diagnos.s and treatrhent through
X rays), it has only begun to be
realized as a portable source of
power® capable of making the
deserts bloom. and powering
spacecraft Concepts unheard of
only a few years a§o—such as fu-
" gion, utilizing the almost limatless
hydrogen of the odeans as a
primary energy source—are now
nearly . withun the realm of
techngcaﬁeasibmty_

We-may, be-on the threshold of an
era” when the ability t¢ use
almost kmitless energy will be
shared by a!! mankind But what
15 needed to cross that threshold
iIs time, afd that's what we're
runnping out of Man 1s literally in
a.race with humself As teachers,
we have the opportumty and the
respons«b-hty to help make sure
that tomorrow’s citizens under
stand the smplications of the
race . .

We are runming out of time
because wg are exhausting our
fosstl fuels on which we have
placed ‘ great dependence. It is

War,

CAUSES.

with these fuels that we heat our
homes, cook our food, operate
our factories, and turn the
wheels for moving people and
products. These fuels have
powered the auto age and, the
begmmngs of the space age

A noted geologist* has described

. the situation

' When the first settlers landed on

the eastern shore of this cont-
nent, they ware confronted by a
forest that~came down to the
water's- edge. Since wood was
the basic fuel for both heating
and cooking. they must have
been encouraged by the
seemrngly inexhaustible supply of
firewood. This could have been
the origin of the American at-
ttude toward energy resources—
namely—our resources of fuel
are so huge as to be virtually
inexhaustible.

-~
.

As the population  pushed
westwarg into Pennsylvania and
western Virginra, coal was dis-
covéred Exposed on hrlls:des and
1n stream valleys, coal seemed to
be everywhere.

Then in the mid-1800s, well
before the outbreak of the Crvil
ol was discovered in
western Pennsylvania. In rapid
succession, oil was found in New
York, Ohio and West Virginia. In
the early 1900’s, the search for
ol moved to the mid-continent
and then southward into Arkan-
sas, Loursiana and Texas. Also,
ol seemed to be almost
everywhere. *

[}
.

*Richard J Anderson, Battélie
Memorial Institute
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Natural 98 pe}ured from the o:l
wells in such enormous- quaa-
tities that there was nothing to do
Dbug burn 1t at the well, the night
sk! ‘was In by hundreds of oil-
well flares. We didn’t know what
to do with 1t, so we wasted 1t. The
_ bountiful flow of oil and this un-
usable oversupply of gas added ta
the Amésican conviction already
established—we Ahave vast
energy fesources. First it was
wood, .then. coal,« théd natural
gas. o
‘But our convicyons were based
on assumptions, not on facts. We
could, and drd, cut down the trees
faster than they could be grown.

We were mining coal as fast as .

we knew how, until the pace was
slowed by the arrival of chéaper
{and less poltting) 'oil and
natural gas. Then oil freld after oil
fiéld was depleted. Not that all
the ol had been recovered . ..
ut enough had been removed-o
lower the reservoir pressures,
and now the oil would not flow
into .thé wells, and the recovery
. of the remaining &l could cost
more than it was viorth. We were
,tunning out of cheap oil.

«Gas frelds gradually gave up théir
reserves, and the sear¢h for new
gas deposits was pushed (but not
energetically) . ...

-’ .

To make up for the ;shnnkmg,

Supphes at_home, thg oil and
natural-gas compasues increased
smports from abroad.-And all the
tume these critital developments
were going on, there were few
words of warning, or even tau-
tion . We were on an un-
precedented epergy outlay ...
Jhen eame the il embargo of
Iate 1973 . ”
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Clealy, we are living on an earth. Energy Use in the United States Today, by Sector {1971)
which 1s imited 1 1ts capacity to ¢ ' '
satisfy our enormous demand for P:‘_‘:“"ﬂ‘ e
otal jor .
energy supphed by fossil fuels ° .
. Consumpts So Tes of . .
We must stop wusing energy |° ki ol Examples of End Uses
which is fed from e sources Transportation 24 Petroleum and Moving our vemscles—automobiles,
as 1f they would last forever ' petroieum prod-  trains, planes, ships, trucks .
/ . ucts {95%)
Energy s consumed almost Resigential/ 20 Nazural gas {40%) Spyce heating and cooling, water
equally In the major sectors of Cotmmercia ’ Petroleum (40%)  heating, cooking, refrigeration,
- our mationat economy transpor : Blectricity (15%)  ar coaditioming, hgi:mng, clothes
4 n. residential/comm l rying. runwung appiences (for :
tat(;c:gna .es:I o commercial, homes, storesoffices) -
and wndustra ciricity genera- . : i . '
R Industrial 28 Natura! gas {45%) Operating mactunes to produce
_ on accounts for one-fourth of, Petroleum (25%)  wide array of Manutactured
our emergy coasumption’ Elec- Coa! (20%) §00ds. :
tricity 1s often calle§ secondary Etectniaty (3%)
energy. for 1t requires conversion Bectriaty 28 Coat (55%) Etectric power plants generete Lt
of a primary energy source such Generation . " Natural gas (20%)  electricty for other sectors (less
as coal. petroleum, nuclear fis- Hydropower (10%) than 50% efficient), efecrioty
s$on. or, hydropower . for s . Petrotetm (10%)  generation not an end use
generauon Source:  Dupree and West, United States Energy Through the Year 2000, U.S. De. )
' . p3-tment of the Intenor, 1972. .
Americans have more ‘than ) ) : . ) .
doubfed their total energy con- ) .
(sumpnon n th? last 25 years Annual Household Energy Budget for Average American Family (Mid-1873)
Demand for energy. per capia, . e ,
bas increased by 50 percent in . Equivalent Amount !
that téne Clearly, our use of _Energy End Use Form of Energy Parcent  of Gasoline {gafions) «
, energy extends well beyond our | ponoi T Gasotne 252 14
needs mto the limitless category | - . ‘ -
of wants i - Space Heatng Natural Gas, G & 278 897 -
. - Electrraty . - =
Ma; ' . . 7 "
How much energy are we really Major Aopliances Sectficy 27 &8 -
consuming? The foflowing. table Water Heatmg Natural Gas, O &* 62, ,20 ) : -
~shows the 1973 energy budget ) ' Electncity . - :
for &he ayersge'e‘mencan family, Air Contfiioming - Electnicty - 5 53
‘ when each family spent about Lighting & Otber Electrical Electrionty 14 45
seven percent of 1its income on ) .
energy Gasdline for the family | Cooking - Natuml Gas & < 19 &
: : » Etectricity !
automoble(s) accounted for over . . s
-~ a fourth of the‘average fan-"'y's .} Miscellaneous Household & Gasoline . 08 2 ¢
energy outlay, exceeding the ex- Recreaten T .
pense of home heating Public Transportation Jet Fuel, Diese} & 12 54
Americans spent almost.17 times {intercity, Nonbusiness . Bléctnaty * .
.as much for 2nergy to operate Trgsh .
automobties as ‘on -pubhc ° {Intagity Tripsh . Dwse! & Electrionty 0.1 5
transportation | Wesea Hex, Blctrcaty- Coal, O3, Naturas 218 704
) . z Powsr Generstion Gas & Nucexr
Consider our affarr wath the evEr- Refinery Loss g Gasohns Petrofeum 59 192
presemt automobile The roughty - Production . . :
100 mullion cars in this country— : . . ,
almost 50 percent of the world oTaLs Bl 333
<~ total—consume more than 75 Source.  Citizen-Action Guide 10 Enoegy Conservaton Caitens' Advisory Commitioe
~ on Enveonmental Quality, 1973, '
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traveling mor;. than 3 tnllion
miles a year One out of six work

'ng Americans has a ;ob
associated with the automobile
business The total dnnual energy
used by passenger cars n the
United States (including fuel con-
sumed. losses n petroleum refin-
ing to snake gasoline and oil
energy used sn manufacturing,
and reparrs) 1s equal to nearly
150 billion gallons of gasoline or
one quarter of gross national
energy consumption While
transportation energy consump-Y
uon 1N most other countries 1s
primarily for hauling goods. in the
United Statas it 1s primanily Jgr
hauling people I the chart
below, originatly published n
early 1974, the US Office of
Science and Technology has
plotted this dramatic fact

-~ ' .

- Three decades ago. Ohio, lke
mahy other states, was nterlaced
by a system of .interurban

*railroads These railroads pro-
vided cheap. reasonably con-
venient transportation between
population cemters: Where are
they now? C

As the cheaply fueled automobile
became Amertca’s people mover,
our patterns of living, going to
work and shopping chanped
Artempts to replace the auto with
public transportation have not
been successful No longer do we
walk to the grocery store. we
drive to the shopping center
There are signs that some of us
are rediscovering the bicycle
However, many people still would
rather take the family car to
recreational areas” rather than
watk or put up-with the in-
convenience of a bus - .

The fact of the matter i1s that we
are so accustomed to using abun-
dant, cheap energy that a sincére
nationai consegrvation effort will
&ve 10 be a tgn;g one

-

It 1s true that, with six percent of
the world's poptlation,
Americans now consume one

. third of ity presgmly avaslable
energy However, the substitution
of mechanical epergy for muscle
power has traditi y been a
source of namﬂnde n a
world that acclamed inven--
tiveness, technology, and a high
standard of living.

, In the midst of plenfy and the ex:,
hilaration of discovery, we have
come to depend almost exclusive+
ly for energy on exhaustible, non-
renewable fossi! fyels. The fossil
fuels in the earth now are, for

practical purposas, all that we .’

will ever have This dilemma is at

* the heart of man’s current energy.

problems

Alarmed by the present situation,
" some of us are taking the atutude
that this has been wrong. We
lose sight of what can be done to

Transportation Wheel of Energy Consumption in the United States

' . TRUCKS AND BUSES 22.2%

?
- -r

-

\x‘-'

-

. <" PLANES 12 9%

FARM
VEHICLES 4.8%

-

M A
- SHIPS 4.0%

TRAINS 2 9%

T

3

[

g )

- .
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make the world a better place
through the constructive use of
chnology I new power squrces
n be developed, there 1s no,
_reason to believe thaf we cannot
retain the, truly meanngfutparts
of our technology and continue to
spread the advantages of
mechanical power 1o other epun-
tries But untii we have new
sources,-we must hve prudently

Some of today’'s best science
students will be helping design
more efficient energy conversion
systems Meanwhile, wey must
make do with machines which
are  notortously wasteful n,
design This waste s ilustrated
by. the ayerage automobile
engine. wh¥h operates at less

than 30 pbrcent efficency A @

home oi furnace 1s 65 percent
efficent. An-industrial gas tur-
bine 1s‘onty 35 percent efficient.
A steam turbine 1s tess thaR 50
percent efficign; in ‘generating
“electnigity, and when that elec-
- ety s transmitted long dis-
tances.. there are substantua!
fosses from the powerdines. Pru-
dévices +can mmnmlze heat
losses—whether the heat goes
up the ch:mney into the cooling
= yvater of a power plant. or is Jost
" by friction in the brake hnings of .
‘the.family car )

Well worth remembering are.
these seven * thought-provokmg
energy shortage facts

(1) No- smgle “néy” source of
efiergy 1s going to matenialize
Suddenly and rescue us from
today's shortages

(2) It will be 1977 or 1978 before
‘the Alaskan pipelines are
finished to bring ys ol and

v

Bay .

dﬁ'n operation of mechanical |

(3) It witi be 1979 or 1980 before
new gas or oil deposits can be
found off the Atlantic and
Pacific coasts of the United
States -and brought’ irto

*  production, if indeed they ac-
tually exist there, and if they
can be recovered without dis-
astrous effects on the
environment.

(4) New plants.to produce syn-
theuc natural gas or synthetic.
fuel fd¥mator vehicies will re-
quire at least 3 or 4 yéars to
build, even if we could decyde
now what process to ‘employ

% It coyld be 1982 oF 1985

before significant-stipplies of
synthetsic  fuel -begin to cir-

‘culate through the natpnal

, distribution system. .

{57 Nuclear-reactors, oA order or
under construcfion, take
years 10 cgmplete. Major
nueledr contridbutions of elec-

tricity to the national §upply .

are not expected before 1985
(Today's nuclear- share of the
natonal energy budget ig less
than twopercent.) .

L 4

(6) Advanced nuclear deyelop-

'ment, such as commercial
“breeder reactors, could be 10
to 20 years away.- Fusion,
despite new and encouraging
discoveries. 1s still a hope for
the 21st_century, not the
Z20th -~

(7) Important addrtions to the
normal energy budget from
* selar, geothermal, or tidal
sources are not expected for

“ another 10 to 20 years *

~

These facts lead to an un-
avqudable conclusion our, only
recourse during the next 10 years

+0r more 1s to inCrease fuel m-.

natural gas from Prudhoe * ‘ports or reduce our consumption’
: It may be uneconomic to seek

= 15 -

-

total energy mdependencé in the
very short run Yet, to increase
our mmports will mean a growing
balance of trade deficit and possI-
ble further devaluation of the
dollar. The other option 1s to
conserve wherever energy IS
used.' not by throwing away our

electric toothbrushes {which con-.

sufne & paltry 6/10.000ths of
one percent of our electricity) but
by careful .and intelbgént use of
dwindling resources.

*Richard J Anderson, Battelie

Memoral institute

.
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‘ energy? : ’

WHAT IS ENERGY?
. . . . . ’
We gét our ability to perform work from the sun. Much energy is
stored as ‘nonrenewable fuel resources. To conserve these
_resources, we must eliminate waste . : . particularly waste heat.

. >

QUESTIONS TO GUIDE YOUR READING

How is energy defined in physics?

" What are the two forms of energy?” . -

What two kinds of enesgy transformations take place in the sun?

The three types of energy conversqu processes are mechahrcal
(physacal) chemrcal and nuclear (atomrc)

1}

(a) In which of these processes is waste heat generated?.
{b) Which is the prooess responsible for all the energy we heve!__

(e} Which process takes place in a storage battery?

N

What unit- is used commonly to measUre potentral ‘or klnetlc

3
-

When a ssbstance is heated, it increases the movement of atoms,
therefore, heat-is really what kind of energy? .

. . L “ -~
’
b,
a

rd

19
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 WHAT IS ENERGY?

Energy 1s a word used widely, but
often with lttle thoyght There
are’ problems of meaning and
probiems in scale Sheer energy
in a television hosiery commer-
cial may confuse youngsters, nor
does it seem meaningful to
equate the energy n a popular
breakfast fold with what the
news commentators discuss
whea they Cconsider new
mamfestatlons of the energy
cusis (though of course. food
shortages and energy shortages
,are nexorably related) Fre-
quently students may be con-
fused and apprehensive, perhaps
even turned off Te turn them
back on." and provide new
awareness. it's practical to fin-
troduce energy thinking

eV

.

“How did the Pilgnms use
energy’ Whatehergy sources did
you use this fmorning in gemng
up and coming to school? What
can you‘do each day to save

. energy, and how much can you

into%
other instructionat areas, as well _

save? What energy source$ are
dsed by the school>” These are
some of the questions one can

. v e

ask *
We all know that energy is the
capadity or ability to perform
work What, then, 1s work? Work,
in physics. 1s a push or a pull
(called a force) on an object
which, causes that object to move
agamst a resisting force such as
friction, gravity, or simple Tnertia
Since effecting - movement s
what we mean by work. dbviously
play 1s @ kind of work, as are all

.

B

Any movmg object 1s capable of
performing work, and therefore
poSsesses energy, We call this
* energy the energx of mgvement
“or kmetic energy*: J&rock falling
. fronv a cliff thto aPoot of water
_has kinetic energxi ‘
Furthermore, any

D

for movmg and perfig

;.--

ity. ‘w_hlch 1S opp
stronger resisting ford

“rock on the cliff before the fall,--

possesses the energy of position
or potential energy.

*

.

Pbtental and kinetic are the two «

states of energy. An object at any

. given moment s ether at rest or

as science * . human actions. In motion; gts enegy 1s either
) o~ (Y]
Energy Transformations—A Pendu[um ‘ "
\ = . * ) ) N
. y \ ‘. 3 -
//)?\\ ' Ly
, 1
s t #
.: 7 I \ ' ‘:9:’ Y
) S 1 \ . -
. / N\ _ ¢S
-/ energy changing energy changing N\ . |
4 from-Potential « ' from Kme'm: o - N\ N
. . g to Kinetic | Potenga )
1 4 ,
. A l ‘ .
I -

Highest Point of Swing—

{ball st »est)e

Maximum POTENTIAL Energy

.

Lowest Point of Swing—
' NMaximum KINETIC Energy
{ball st fastest speed)

Highesy Qoint of Swing—
Return to Maximunt
POTENT[QL Energy
{bait agam at res?)

L

*For dlustrative teaching procedures. see the téachnr’:g units

i e R
4,

200
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potential or kineyc Obviously.

work 1s done only after an object . processes, fission (the splmmg of »

passes from the potential state to
the kinetic state. when its ‘stored
potenttal energy s released A
swinging peAdulum iustrates
the transformations of energy
from potential jo kinetic and back
again

‘Several different processes may

bring about <a change in the
energy of an obyect from potenual
to kinetic These processes’ are .
either mechanicat (physncal)
chemical’ or nuclear (atomic) .

* nature

Q

E

Aruitoxt provided by Eic:

) (photons)

RIC

An of these energy- state trans-
formations ‘set ~samethirig rn mo-
tion which thgn has the capacity
for performing work The wvery
first process 1s a nuclear process
The sun 1s a cormnuous source of
nuclear and thg(monuclear
energy it releases energeuc
nuclear particles and “‘waves"
which contmuously
Bombard the earth Much of ‘this
energy s absorbed by the earth s
atyosphere. Some of it {sunhight)
penetrates the atmosphere,
where 1t strikes green plants
which convert 1t to ,chemcal
energy by "a natural process,
photosynthesis [fis this natural
process that 1s responstble for all
the fuel we burn. Wood comes
directly from green plants' Coal,
ol. apd naturaf gas are the,
fossilized remains o?’green plants
and of plant and “amimal
organisms which consumed
them

When chemical energy 1s used
up. there 1s no attual loss of
matter That 1s, the combustion
products of coal or oit weigh as
much as-the fuel did in the first
place But In the sun, matter 1s
actually transformed into energy
And., as we learn fromﬁsc:ence.
the possible energy yield from

- L]

.-

converting matter is tremendous

= ~
nature, a cloud may be set in mo-

-pedect energy converter, some
heat always 1s lost to the sur-

fn the " sun there aré two
heavy atoms) ahd fusion (the
gombining of hght atoms) We are
beginning to use the fission
process directly 10 produce heat
In nuclear power plants We have
produced fusion energy so far
only i the hydrogeh bomb
Man’s hope for ulumate plentiful
supplies of energy rests on better
control of the fission and fusion

processes' . ‘

losses when heat 1S generated by
friction

We get most of our electrical
power from mechanical energy,
requiring another conversion step
-and more friction losses. In a
storage battery, chemicak energy
1s converted directly into elec-
,trical energy but there sull s
- . some heat loss. Devices for &on-
Except n a few cases. such as  verting heat energy directly to
storage batteries. heat is always electricity are being investigated
" generated as an intermediate in the laboratory and ultimately
step: between chemical energy may become important-assets to
and mechanical energy Heat , energ';\? conservation

causes air, steam, or sorne other . ) .

gas to expand, and thé  expanding®  When, potential energy 1s con-
gas sets:something I motion In verted to kineuc energy, heat i1s
evolved, plus possibly hight and
sound. Actually, heatis really a
form of kinetc ener§y due,
basically, to the incgeased ‘move-

tion In" man's environment, the
heat can be used to drive a piston
or turn a wheel. No mechanwcat
device even ajproaches being a
i * = .o N

f

.
-

: * Fosce pushes or pulls on an object causing it to overcome
resistance and move, Ongm of force may be man, other aﬁm‘nl
p!am.. wingd, ‘water, rmchme heat, gravity, magnmsm -

Exarmls bowling ball strikes pins;

' . plant pushes up through soil, ]
. tormado yproots tree;

f . milk ] poured on cereal;

: toaster pops up toast .

MECHANICAL
{phygical)

. !

<

CHEMICAL {nder certam con-

Two of more substances brought into cont
ing (often, tx}lxsaon

dittons cause reactuon which moves
dug to_heat genemed) ¥
effervescent tablet ﬁzzes :h water, .,

ke rises in oven, . N
&
tch burns when struck,

Exarr-oles.

Tremendous poténtial energy holding atomuc nucleus togsther s
transformed to heat and light and great expansion of sir. Some
. ! matter 1s transformed directly to enargy = Two processes @) tion
> o sphttfy of nudeus by bomberdmenit with subatomic particles:
{b) tusion or joining of two nudiei under graat'heat and pressure.

WNUCLEAR ’
{stormc) 1

Examples:  nuclear power plants, *atormic” sub-
myprines, $tom bomb (all fission); sun’s
surface, hydrogen bomb (fusion).

2 i . <

roundings, and there are other-

ment. of atoms in the substante®

Processes of Energy Transformation .k

-~

‘\
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that 1s heated .Because hedt i1s a

equivalent an'munt of
measurement for
British thermal umit '(Btu}—is
used commoply to- measure
potential or kinétic energy One
Btu 1s the amount of heat re-
+ quired to raise the temperature of
one pound of water one degree
Fahrenheit There are about
13.000 Btu
bituminous coal, 1,032 Btu 1" a
cubic foot of natural gas, 132,000

,

In a pound of -

purpose of moving from place to
place .
) )

The term efficrency of a conver-
sion process or a machiné refers
to the ratio of useful product to
the total amount of input (or out-
‘put). As users or converters of
vast quantities of-energy, we are
therefore concéerned not only
with the supply of energy
available to us, but equally with
the efficiency of Your energy-.
"conversion processts )

Electricity 1s clean, available -in-

- Bty 1n a gallon of gasoline, and 4, ~stantly, and easny transmitted.

145,000 Btu in a gallon of home
heating oil.

When one state or form of energy
1s derived from another, we have
energy-to-energy conversions,
these are happening ail the time

around us (and even inside of

u®) The one.n'portant thing to

remember 1s that you get ofly as

much oyt of an energy-to-energy- _

- cQnversion as you putin; only the
forms oy states of energy are

changed. when energy ts. con- ]
> verted from one dorm to another.

ere’s no suchthing as getting

. something for nothing. "
of al -energy -conversions oc-
curfing all the time, only a very
few will result 1n Wwork Gseful to
man We increase the number. of

conversions that génerate usefulx

\ENgray through Converters catled
machmes which rransfo:m
energy of one férm. the fuel, into
enerdy of another form, .the
product. An automobile engine
converts, by burning. the fuel

gasoline, a form of" stored
chemical energy.” Into the
mechanical energy 6f motion

Our own bodjes convert food nto
movement, heat, and all Ife
‘processes - The excess heat and
sound generated by an
automobile: engine are mostly
waste energy, not useful to our

by ]

\‘ .
I

.

,Since 1950, generation of

ec-
tricity. in this country Has in-
creased by a, factor - of\ four.
HOWever both the generation
.and transmnssmn of electricity in-
volve "some . waste energy.
Generation of electricity—the

conversion of fuel to electfical

efficient 1 even the most modern
plants. In many of ,the older

-plants as much as two-thirds of

the energy. generated i1s lost as
waaste heat which 1s exhausted as

thefmal pollution™ thr0ugh plant
stacks ap®™ cooling water.. Ten
percent of the electricity actually
generated is lost.dunng transmis-
sion Newjy deveioped and costly
mears’ of transmitting electricity
through chilléd underground
cables have :the potential of
reducing this Iqss measurabfy -
- We have sean that all energy
conversrons—and all our sources “
of energy—can be traced back to
nuclear£nergy 1n the sun. Man 1s
only beginning to make use of
nuclear energy conversion
" processes on.the earth The fuel
that 1s ‘presently availdble for
_thesé processes {ah uncommon
" form or 1sotope Qf uranium called
U-235) 1s himited in extent and

! costly to obtain. Other potential

fuels for nuclear fission, the spiit-
ung of heavy atoms, are more

17

,energy—is less than 50 percent '

N
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plentiful, but they wxﬁg‘reqwre
many vyears of technological
development. Potentildly, the fuel
for thermonuclear fusien ,is as

abundant as the hydrogen” in the'

oceans, but realistic fusion power
may have to wait for. the 21st
century. . This leaves. non-
renewable fossil fuels—coal, oil
and natural gas—as today’s prin-
cipal energy sources. (Hydroelec-
tric power and other ponfuel
sources account for only asmall
part of our energy budgéi) We
must _simuitaneously conserve
our remaining fossil fuels and
learn how to use them as ef-
f|0|ently as possible.
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Coal is the only fossil fuel still widely abupdant in the United
States, but there are problems associated with m;mng and using it.

ENERGY SOURCES

Ohio is a major producer, but Ohio coal, 1s high in su/fur content.

Urambrm green plants, coal, natural gas sunllght fuel oil, onl
shale, and hydmpower are sources of energy.

(a) Whlch of these sources are renewable or contlnuous?

"

QUESTIQNS T0 G'U'IDE”.YOUR READING'

-

<

(b) Whlch of these sources are nonrenewable or exhaustlble?

4

What are the three pr|r{c|pal fossil fuels?

Wthh of the fossll fuels |s most abundant m Ohto?

What percent of U. S energy comes from petroleum and natural

gas?

'

_ Qhio suppltes What perbent oi the pet

state? -

At ;the”begmmhg ef the 20th céntury, doal supplled about 90 per-,«
_cel tof the ndnrenewable, lnammate energy in the Umted States..
‘- Hov much‘dees it sup&y now? .

I""

Is

Ho many mﬂhon to
.come from déep und"erground mmmg?

type f mmmg*
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Some energyi 1s /obtained from
sources directly/ related to the
flow of heat and light from the .
sun We can tegmn these sourceé
cautiously, renédwable or con
tinuous enkrgy resources. As
Jong as the sun rises every mor-*
ning. its energy will be available
and conStantIy repleolshed The
amount of solar energy received
dady by two square-miles of the
earth’s surface equals the energy
refeased by burning 7,000 tons of
coal, or the Yaily enefgy output of
Hoover Dam However, we lack
the technoblogy to stgre most of
the sun’'s energy if we knew
how ayear’s supply of energy for, *

- the warld could be gathered from

. .

sunhlight reaching the earth
three hours affi 12 mintites As a
soufce, solar erergy. is presently
vefy costly, but extremely
valuable What is needed is an
inexpensive means of converting’
solar radiation to useful energy.
Othér energy sources which owe
their existence ultimately to
energy from the sun and the
earth’s formation are stored in a
~kind of “potential energy fund
Their supplies have finite limits

.

*- and; 1n most cases, are not being

replenished.
nonrenewable or
energy yesources

a

«They are
exhaustible

“We call these fossik fuels because
they were forcneq from ammal
and vegetable matter thaf
caﬁecxe&atihe beaem-bf angient ~
$eas and mn swamps multions: of

years agp. This debris was buried _

by inosganic reMidue and sub-

, lected to great heat and pressure
as well as'bacterial and chemical
< > .

“A total .of 139 x 10* Btu reaches
thie earth daily
- ]

<

-

ENERGY SouRcEs. RTINS

action The end products—oil,
natural gas, and coal—contain
large quantitias of stored solar

energy 1n the form ‘of
hydrocarbons.
We can make stveral

g%neralnzatnons about the fossi/
fuels which account for ‘more
than 85 percent of the'i mammate
'energy supply in our state.

\

® All are found primarily wathin
the gearth and extracted \at

. great cost. This means expen- ~

sive exploration to locate them

{except for coal) and large in- ’

vestments of caprtal to extract

them (especially in the case of *

off-shore petroleum and coal).

.
AIT"' are ‘storable and
tranSportabIe—-petroIeum by
pipeline, tariker,
and rail, natural gas by
pipeline (liquefied natural gas
by special tanker grfd barge);
and coal-by raj and slurry
prpeline

A~
-

° Onl and coal have important

nohfuel uses a%raw materials

in{ production of plastics,
lubricants, ahd the. like. In the
.future, many experts feel that
coal may actually be beltter
suited for (and could be more
*. etficiently used n) sugh non-
fuel capagcities (nonfuel use of
coal now accounts for about
five perce,m of the total use).
iB’ecause of theu locdtion, com
pésition (eSpecnally when hsgh
in sulfur), and the process by
which they are converted, coal,
and 10" a much less extent.
" petroleym and.gas, require an
alteration  of the landscape In
therr
release pollutants into_the ar

-

+ °. b 2 f?

19

barge, truck .

extgagdtion and can -

- and water wh_en produced -and.
used —~

.
. [

® They are all-largely burned,®, -
releasipng heat energy to per- .
form work. .

ve
I3

¢,
@ All are nonrenewable.

“Early in his deyvelopment, man
learned to tontrol the velease of
stored solar energy "through. fire.
By learning how to use this basie
chemcal reaction, he became the
only .spec capable of con-

. trofling its{ own environment.
Latey camge agmnculture, the
do stication of animals, and the

_harnessing of the kinetic energy, -
of er?ds and falling water, $4is;
wmdrmlls and water wheels.

“y

For severaT centuries, two kinds -
of renewable energy sources—
.wind and water—and two kinds
of nonrenewable sources (which
must-.have sgemed infinitely
renewablée to early users)—-wood
and coal—vred as_ the‘ majog, -
producers ' of mechanical work
output for civiized man. But the
scales became weighted toward
coal when the:steam engine
came inty Qeing 200 years ago.

- (Fittingly, two of %he first major
uses of the steam’engine were to .
pump wateg from coal mines and
to transpcrt trainloads of coal to
factories.) Wind power had its
last great days in the 19th cen.
tury, before the completion of the
Panama-«Ganal, when clipper

.:e,h_;;:s drought cargos aroynd the

ub of South Amenca. ..+

In the Umited States, as wood

was .used up and ap expanding’

population began to demand in-
dustrial products, the change to

fossil fuels—though later than n

Ewrope—occursed at an
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_ aded . by pressure. Frequently,

. ?
accelerated rate In 1850, coal
acdounted for odly 10 percent of
American fuel consumption,
wood for 90 perceht.
1885, coat passed wood, and. by
1910, the situation of 1850 was’
reversed _coal 90 percem wood
10,percent After World Wa I,
petroleum was twice as ‘impor-
tant- as ‘wood, though toal was
shll prgdominant 8ut, by'1946,
the, petroleum fuels began to out-
rank coal-

Known for centuries a4 a product
of. o1l seeps oozing direvtly from
the ground in a few parts of the

- wor.ld ‘ol was first obtained by’

drllhng in Pennsylvania in 1B59.

For hundreds of years it had
relatively minor use for lighting
and heating, but major use n

transportation began around
1900 Some °25 vyears ago,

geologists found evidence of
large deposits of ail just off the
coasts of some lands, under the

ocean and under what 1s called
the tonunental shelf Offshore-
oil.drilling offers the major hope

for finding new oil. to replace
diminishang supplies today. But

offshore drilling 1s costly and sub-

ject to the possibilities of {eakage

which can pollute beach areas.

Nor 1s it easy to extract oil

wherever it
“*gushers™ so oftem pictured are
the rare exception to the normai
recovery process.) .

O:l does not occur in large reser-
voirs underground, but rather it 182
found in° the interstices of sand
and rock ks held there so firmly
thdt often no more than a tenth
of it will comé to the surtace un-

evgn  pumping 45 Aot enpugh
. betause oil s so vsscous and thé
arock s relatwely non-porous.
Even with best avariable
technologues, only about a th.rd
of the ol m ag field may be

recovered When water floodmg
L}

a v
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gas injéctions, and urLerground )

.combustion are usead, the
recowery may be as high as 70
Bercent, but such high-cost

waste and has discouraged ex
plor,atlon for new supplies:

-

Natural gas—prevnously wasted—-

began its popularity in the 1940°s

with the completion of pnpelmes
hinking gas,fjelds with user ‘eities.

processes may not be msnfued :
The low price of ol has led to :

L

. For -two d8tades beginfing in

1940, the consumption of natural

-gas increased at an, average rate.

of 6.6 percent a year,_ repre-
senting nearly two-thirds”of the

growth 1n the country's energy.

production. Gas is’ clean;” and it

.

was cheap, with- prices” held

down by Federal regulations. In
the early 1970's, natural gas

powered 43, percent of.industry

and heated and/or cooled- the
homies of 150 million Americans.
.Recent Fedéral regulaton
changes have encouraged  the
development of natural gas

resources by specifying higher .

rates for gas from “new’” wélls .

than from “old” wells, but
because consymption 1S So great, ,

our gas reserves have an even
shorter fife expectancy than .our -

ol reserves. . :

Though available since {he

” Amenican continent was setiféd,

coal sull presents problems n
mining ‘and explgitation. "Abdut
300 mullion tons ©of coal eath
year. half of U'S. grqducﬁé

come from deep undergrod d
mining,  But deep mumng
declining because of costs,

ditions. The other half of Uni
States. production of coal cony

ed

&
b
hazards, and poor working cdin-.

from strip mining, and this Jf )

must increase if we are to ¢
- coal to fill the energy gap.. ¢
*strp muning has well known
~wvironmental problems. Apo

‘ ariety - of
%hem:cafs. _
dafﬁ;lty 1d2hat dur coal resei',2 easy to remove palluting

which arey low m _sulfur lLe
predommqn\y in the west, away
from’ centers of, popul
Although companies are workmg
on anti-pollutroh ‘measures,
technology has not yet found an
economical way to remove the
sulfur from higf-sulfur coal
before 1t 1s burned. ~ ’

A 3

Coal 1s the only major fossil fue .
which could be utilzed® more
cormpletely iq the United States
No mdustry% greater ogpor-
tunity to respond._to nergy
problem. We ‘héve 20 percent of
the world's supply; in fact,
percent of all our fossil fue
reserves are 1n the form of coal
deposjts. We also.have relatively
farge deposmi ‘o1l shale; but ex-
tracting the' oil presents major
problems of cost and en-

vironmental.disruption.
<

rH

L]
.

At the beginning of the 20th cen- |
.tufy, coai supplied about 90 per-
cent of ‘the: monrenewable, in-
animate energy in thes United
Statés Since that time, . coal
production has remaiped rela-
hvely constant but coal's share of
“the -energy budget has dropp
drastically: Meanwhile, oil dhd
‘natural-gas have changed places ~
_Wwithcoal. - .

-

N

Somé 77 percent of Bnited States
energy now comes from ol and
" natural gas, and reasons for this
are not I'\ard to find. Petroleum
fluds are .easter to handle .and
+use than coal solids. pastculatly’

for cars and other mobile com-
bustion sources. Our masswe
hpgh presswe gas pxpelme -
netwgrk makes naturdl gas’
avaidable in most homes,fgas
heating units are’ clean, ch

" venient ‘and inexgensive. Oil fs -

the v,ersatnle. source of a wide
hqud fuels and.
and 1t s relatively

/5ulf_ur

) ' .

/

-




from ol Even with price i
creases at the pump, gasoline is

years prior to the time of the Arab

pricés increased considerably
less than half as much as prices
for other consumer items

v On the horizon are ways of syn-
. thesizing gas and lqud, fuels
from coal, of convertmg un-
derground coal*’deposits to gas
,without mining them first
Twenty years ago gas made from
coal. was widely used in the Un-
. ated States, and the “gas works”
with’ its huge expanding storage
tank was a prominent (though not
particularly - attractive) featurea n
the urban landscabe The cpal
gaslflen of 20 years. ago .onginally
developed in Germany, 1s:still the.
-."" only gnegon the” market. Caught
napping because of our apparent,
abundante of natural gas,. we
" have neglected _research in coal
gasificatien. Only recently have
. we begun to mend our'ways. And
the potennal is there, prowdmg
we are willing to pay for it Gas-
nfncauon may l;umately create

‘the blggest new market for coal.

v

" ture differs Somewhat .from the
national
tunate in having abundant coal at
a8 ume when petroleum and

_ natural gbs are in short supply,

“But most of Ohio’s coal is high 1n

“sulfur contént and ‘much of 1t is
econormically extractable on!y by
stnp mifung.

While ‘only two percent of .the .

nation’s known recoverable copl

réserves are in Ohio, IS
. amounts to _mdke than 20 bxll on
lons. of bituminous coal. - Ohie _
supplies roughly 10 percent of
the nanqn s coal and gonsumes:
moré-coal than any other state.
Coal satisfies more than 40 per-
cent of Ohio’s energy reeds, far

R

(A Fuiitext provided by ERIC

) |n Ohio, the energy so&rce pic-

picture. We ares for-. ,

s
.

ol embargo of. 1973, gaseline °

. ORio  uses .about

more than the national average,

. supplying 95 percent of the fuel
"+ still farwly cheap Durmg the 10 Jor

nerating *electnc!ty- in the
state oo

. .. ,

the. same
percentage of natural gas for fts
energy needs as do most other
states—abom 31 percent—but

can supply -only about seven per-

- sent of its needs, importing the

remainder * frem other- states.
Roughly 60 percent of the. natural

gas s used for residential pur- )

poses and 40 perc\ent
induystry M .

for

- , <. York and Pennsylvama In com-
-

The remainder- of Ohio’s energy
needs are met with oif, 35 per-
cent of which 1s 1mported from

. other states or Supphied by com-
panies which” rely heavily on .
foreign suppliers. Ohio's_use of .

- oll, ‘which is considerably below -
the national average, 1s mamly .
7 . for transpo‘rtatuon <

%uos annual “consumption .of ‘
ctricity exceeds 106 billion

+ kilowatt hours, placing the state *

third, in eléctric power consump-
tion, behind -only California and
Texas In’ resndennal consumption .
of efectricity, Ohio {with 26 biflion
kilowatts)_ ranks "~ sixth, . behind
Caln‘orma, ~Texas, Flonda New ™~

mercial and industrial consump-

.tion, Ohi6 {77 billion kilowatts) .

ranks thu’d behind Calnforma and *
Texas. . ‘

~
- e

* ‘

v

Shaded areas indicate portions, of Ohio fusl conSumpt:on which couid be 1
supphed by the state’s resources, assuming present levels of production
(less that7 percem each Jor natural gas and orl 100 percent, for coal).
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Less than 10 percent of this.

country’s energy consumptton IS
presently supphed by three non
fossd fuels hydropower—a
renewable, continuous source,
wood —a questionably renewabte
one and nuclear fission—a non
renewgble. highly controverssal
one Such renewable sources as
wind power and solar heating are
as old as civilization Therr pres.
ent’ use is minimal, but their

potential 1s great (They will be

dealt with in the next chapter )

\
Why we have changed from one
energy source to another i1s an in-
teresting topic for discussion and
speculation Historically, we owe
rhueh of our progress to thd trag-
siion from animate energy
sources (horses, human backs) to
nonrenewable namimate, ones.

Coal replaced wood because it~

was a more efficient fuel and
because wood was becoming
scarce® Petroleum replaced
coal—even though substantal
reserves of coal remam—largely
because 1t 1S easier to use. In
these processes, wind and water
power were sidetracked. Water
power received some emphasis
for gederating hydroelectrioity,
bug the lack of avasiabllny of sites
for thydroelectric’ powdr stations
imposed *a realistic himit. Man
lacked the incentite to develop
wind power- (considered an un-
rehable source) beyond its early
application to windmills

What will the trend be at the

.beginning of the 21st century—

when today’s students will have
been making the decisions about
fueling America?

Energy may be obtained from the
hot interior of the earth Geother-
mal energy 1s largely untapped

" and additronal research is needed

.ERI!

LA v provided by R

to: determine how this source.

relieve the shortage.

The movement of water has long
been a ‘useful:
Although its use in an earhgf day
was readily apparent in grist mills
locateq by rivers, 1t has never
provided more than four percent
of our needs even as hydropower
At Some fuoture date, water may
be a more useful fource
vestigations are being conducted
to determine the feasubulnty of ex-
- tracting*large amounts of energy-,

from ocean waves ' )
R

Shale comprises’'a resource base -

for oil extraction Déposits are
mostly focated in government
lands in Colorado and Wyoming,

these areas may prove of value in’
the sear.ch for additional ol.

’

’

energy source. *

In- |

The nuclear source of energy s

of significance in part because
this Ration has the greatest.low-
cost uranium reserve in’ the free
world Extraction of this source 1s
costly and the by-products:of its
use create a disposal problem,

s

‘but

its  avalability in large
amounts will compe! further in-
vestigation of | nuclear energy s
potential to help alleviate the
shortage Potentally, ther-
monucigar fusron has an aimost
hmltless fuel supply—~hydrogen
But there must be a major scien-
ufic, breakthrough befdre fusion
powes can be .considered
ser.nqusly

. * M
)

. For' the short term, our rehiance
.would seem to be on oi} and gas.
For the long’ term, we will be’

looksg to coal and atomic power.
With. lagge - Umted . States
r\eserves .c0g!* would appeaT to

see as xhrough the first quarter of

the next cemury Forany.jasting
relisf, we must hope that ‘prac-
ucal means can be found 1o tap
hydropower - solar rad’natnon
winds, pdes and. geothermal
sburces- bn. a Iarge scale.’ In the
immediate . future the hope- for
atleviating, shortages - hes wf(h
reducmg demand .

Umted States Energy Co,nsumptlon
' " by Source—Mld 1973 °.

14

- L7 [
Source, Crizen Action Gurdeto Energy Conservaton 18973
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MAJOR ENERGY SOURCES

PETROLEUM ‘NATURAL GAS' .. COAL
Composition/ | Hydrogen and carbon Methane; petroleum (natural | Varied composition —
. Origin formed from tiny marine gas liquids are also formed). smostly carbon, some
o organisms and plant .- May "be liquefied at cost for hydrogen, varying amounts
’ matter buried under easier transportation by of sulfur; formed from <
ancient seas, under great - tanker, truck. plant remains buried '
Lo . pressure> oo under ancient lakes and - .

L bogs under great pres-

. . ’ sure; three types, of in-
o . creasing age and hardness,

are lignite, bituminous,

and anthracite.

.

T ry
-

Location Underground “‘reser- One-half is found wherever At varying depths from
4 . © { . vois”, petrofeum ’ petroleum is found and just under surface to far
* -1 trapped in interstices - one-half is found in under- ° underground; found in
.. of sand and rock, . ground rock (especially 27 states. )
v largely Texas, Okla- +|  southwestern and south .
* homa; off-shore under central states). Forms “cap”
Continental. Shelf - on petroleum deposits and*
(Louisiana, Texas, . . brovides pressure tq aid
southern California). J. petroleum extraction.* .
Large untapped 1 ] ) .
. deposits in narthern - ) R e
S | Alaska.” - L. - . . L
Extraction/ Wells drilled up to Rempved by wells; rises to -} UndergrOUnd mines - .
‘| Conversion 25,000 feet depth; 15% .surface under pressure;” (only, half of coal in a
4 of reservoir-of -petroleum some is found with petro- . deposit is’;recovered) and
rises to surface because leum; some is found alone. | _ strip- and open-pit_ mining
of underground gas and Natural gas is treated to wheressurface earth is
water pressure; pumps remove heavy hydro- removed and coal cut
remove 15% more; carbons and hydrogen . | and shovéied out by
wanother 30% may be sulfide, which can be used “machine,
recovered but at a much by the petroleum and Sizing, washing and clean-
higher cost. Crude \| petrochemical industries. ing for traditional com-
. petroleum is refined , bustion uses. Conversion
. through separation into T 10 synthetic natural gas and
" | fractions at different ) . liquefaction by treatment -
. ‘boiling points. Frony with hydrogen are in the
‘\r‘ : chemical modifications demonstration stage.
A -" and blending of the ' '
fractions, products are !
" givén the désired

characteristics. ,




=« . MAJOR ENERGY SOURCES (Continued)

-
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" PETROLEUM °

3

NATURAL GAS

COAL

" 60% transportation
(largely’ refined as gaso- .

line, diesel-fuel), 20%
residential/commercial
heating, 10% electrical
generation.

45% industrial fuel, 35%
commercial hedting, 10%
electrical generation.,

L)

65% electrical\generation‘

30% industrial.

&
;J’
- Uses
Advantages

-

. Easy to use, store and

transport; ideal fuel
for transporgation
industry.

Cheap, élean, easy to
transport,

Cheap, large reserve,
Appalachian sources close
to large markets.

-

Disadvantages

Domestic supply has
declined in recent years;
increase in usage re-
quires increased foreign
exchange; refining of
high sulfur crude can
cause pollution.

Difficult Jo store, increas-
ingly in short supply.

L3

Expensive to iransport.
Ash disposal and fly ash®
out of the stack cause
pollution, Combustion

of high-sulfur coat re-
leases sulfur dioxide.

Low sulfur western coal

i$ distant from large
markets. Underground
mining is a hazardous
operation unless elaborate
precautions are taken,
Surface mining (strip =~ |
mining) eauses environ-
mental problems unless
expensive reclamation is
undertaken.

1




MINOR ENERGY SOURCES ., -

verted to electricity.)

L]

gaseous diffusion. In
nuclear reaction, nuclei
of heavy atoms of
"fissionable” isotope are
bombarded by neutrons
causing nuclei to split,
converting the matter to
great quantities of heat.
Fission of.one atom re-
leases neutrons causing a
chain reaction, splitting
_ other atori®s in a con-
trolled process. Turns
water to steam to drive
turbines and produce
electricity. o~

1) X K
" 0 Y
' HYDROPOWER NUCLEAR FISSION " WOOD
Composition/ | Water impounded in Uranium and ih'orium ores. | : Trees, wood waste; agri-
* Origin - dams; tidal water area cultural waste.
: potential rescurce. )
Location Often in rémote and Ores are found in Colorado Areas often remste from
‘ mountainous areas. Basin, Canada, South large population centers.
. Africa, Zaire, India.
Extraction/ Water turns turbines Chemical procesﬁng con- # | Trees are grown, felled
Conversipn - producing electrical centrates org; enrichment . and collected at wood or
- energy., (Virtually all of desired isotopes by . Cfop processing centers.
Y - hydropower is con- physical means, e.g., Burned for heating and

coeking in some places.

Uses

100% electrical
generation,

. . 100% electrical generation,

- \

50% heating homes * .
50% industrial (scrag) ’
34 million cord in 1975
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MINOR ENERGY SOURCES (Continued)

o

, HYDROPOWER NUCLEAR FISSION - woop - .
T rd
Advantages Efficient, little waste Heat value of one ounce, of Availability, wood is
heat; inexpensive, renew- U2§ equal to 388 barrels renewable, given time
. ablesenergy; may be of petroleum. Very rapidly to grow new forests.
- .conserved through pump | growing as an energy source .
storage; environmental — the “energy source of the | .
I effects generally slight; future.” -
\ reservoirs may enhance
recreational value of * -
area.’ .
Disadvantages | High cath_a1 construc Controversy over harmful Low heat value per unit

-

tion costs; requires
very special location, .
few good sites remain;
may flood land better
used for other purposes
(agriculture); evapora-

- tion rate high in arid
lands. :

'S

effects of radiation leakage -
into surrounding area from
unlikely, but still’ possible,
accident; possible leakage
from radioactive wastes;
the common “light-water
reactor” requires large
quantities of water.for L’
cooling — recycling water
into lakes or rivers may -
result in thermal pollu-
tion. U235 is scarce —
new breeder reactors .

"may alleviate ‘problem.

]

, \ic_zlume; non-fuel uses
more important; only ¥
practical in certain
locations.

+

rx
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"ENERGY SOURCES FOR THE FUTURE

SOURCE HOW CONVERTED COMMENT )
(Fossil Fuels)
Oil Shale A sedimentary rock which contains Present in huge quantities in Rocky -
’ +"’kerogen®™, a substance that, when Mountain states (estimates from 600
“heated, yields shale oil; would billion to 3 trillion barrels of oil).
likely-be*used as substitute for oil. Adverse environmenta| effects of ex-
’ traction by open-pit mining. Large °
3 . quantities of shale required for small
T yield of dil (one ton of shale yields
30 gallons or less petroleum). Problem
< of waste disposal.
Tar Sands Contain extractable pétroleum ] Large deposits only in remote areas.
substance, Major supply in North America in
o % Athabaska, Canada, frozen and difficult
‘« tb extract and transport. '
Coal Gasi'qation Coal reacted with steam followed boal_ is plentiful, but the*cost of process-
. by further processing produces ing plants is great ($500-S800 million).
synthetic natural gas (SNG). SNG is a clean and desirable fuel. New
. ' . coal mines-are needed. .
_ P co- . 7 ’ -
, I
3 8
' f . L -
3 o : .
.’ e . . a
' ’ ;‘ ) N
32 . ~ .

-

-t




ENERGY SOURCES FOR THE FUTURE (Continted)
\ .' .
SOURCE FIOW CONVERTED . GOMMEN}
- - -
(Natural ) ’ ,
Continuous " . . . .
Sources) - -\ R
‘Geothermal Natural steam underground rises '

4

to surface with enough force to
drive turbogenerators for electricity.

>

-0

Clean, inexpensive energy. Used in .
Italy, lcelard, Japan, New Zealand, in
the U. S. at the Geysers near San
Francisco and California’s | mperial
Valley, with potential sites throughout
western United States. Little natural
staam exists underground. However,
much heat in underground rock layers
could be tapped by pumping cool water
down to the rocks and retrieving heated
water. Limited to local use in a few
favorable locations, Problem of brine
deposits clogging and corroding pipes.
Surface pollution problem from New
Zealand underground waters.

Collectors over a vast area focus
sun's ¥ays on a liquid which can
conduct the heat to an electrical
generating plant; or solar cells
over vast area convert sunlight
directly to electricity. Space
heating.

F

An immense energy source. - Little
environmental effect except that large
amounts of open space would likely
have to be devoted to collectors to
gather the diffuse energy of sunlight.
Location would seem restricted to

areas of- gréat sunlight far from popu-~ |

lation centers in this country (drawbagk
because of extent to which electricity

is dissipated during transmission).’ At
present, most important in home heat-
ing and water heating in specially
designed houses,

Tidal

Same principles as conyentfonaf .
hydropower — rise and fall of
tides rotate turbines to generate

- x .
Very'efficient. Requires very special
locations; few exist in North America,
and those that do, such as the coasts

- electricity. . v of Maine and Alaska, are remote from -
: - population centers. Difficult to make
. energy supply continuous.
e
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ENERGY SOURCES FOR THE FUTURE (Continued) .

-

.

SOURCE HOW CONVERTED .° ) COMMENT
'~
Wind’ Same principles as hydropower = Clean, neat, inexpensive. Very efficient.
: = running alr paopels turbine to Location important — proposals
generate electricity. . " generally for windmills on platforms in

Great Lakes or on Atlantic Ocean.
Better as local source in certain |
conducive areas. Sufficient wind
for continuoys generation” unlikely.

S -

{Other Sources)

Hydrogen Bummg hydrogen for heatmg as Most abundant element in universe,
with natural gas. although extraction of hydrogen from
. £ompounds can be costly. Reactions
. between liquid hydrogen and liquid .
< oxygen powergd NASA rockets. Clean —
only waste product is water. Draw-
backs — dangerous to handle; one-half

the energy content per volume of - SR
natural gas. ‘ ‘
Fuel Cells Battery-like, portable electric ." Little pollution, no neise, much more
generators produce current from efficient in generating electricity than

conventional generators, Drawback —
very costly because of short life. Have
been used only in space program

*
a

regction of hydrggen and oxygen.

A .

.
1 i . o

Magneto- - Converts heat from combustlon As an akemgtive to conventional coal-
hydrodynamics gases from coal directly to fueled power plants, MHD eliminates
(MHD) ’ electricity by passing gases through most &ir pollution, requires less fuel,

' magnetic field. Uses coat as is 1% times as efficient (very little waste
starter fuel. Represents new kind .. heat). At present many- technical o
of generator converter. % problems and little support for research.

- _ Mare research being done in USSR
ot apd Japan than in U. S, -
. ‘ »
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ENERGY SOURCES FOR THE FUTURE (Continued)

SOURCE “

=~ HOW CONVERTED

COMMENT

Buming of Trash

-

'

)

Bumjng combustible trash, in mix-
ture with coal or other fuel, to

" power electric generator.

bo

v

Cheap, readily available fuel. Conven-

tional combustible garbage possesses
50% of potential heat of coal. ‘‘Solves”
garbage disposal problem. Although .
the air pollution problem remains, the
waste disposal problem is alleviated.
City of St. Louis currently getting
some electricity fram power plants
fueled by garbage and coal. Trash

must be carefully son"ted.‘

Nuclear Fission
(breeder
reactor}

i
Uses U235 as “starter” to bom-
bard surrounding atoms of non- 3
fissionable U238 and convert ’
itto Plutonium 239 which is
fissionable, “‘creating’’ moye
starter. 7 . I

-

Uses less scarce U235 than. present light-
water reactors. Some plutonium is _
produced directly in light-water reactors.
Is coaled by liquid sodium (difficult to
handle). Possibility of accident, especi-
ally during transportation of wastes,
more of a concern with plutonium than
with uranium. Technological difficulties.

*  Thermonuclear
Fusion

Fusion of atoms of hydroagen

to form heavier atoms of

helium under extresgely high
temperatures (100 million -
degrees C) in a controlled
reactian (as opposed, to. the
un;ontroll)edvfusion reaction

of a hydrogen.bomb.)'

Hydrogen 15 véry abundant,. Ordinary

seawater could be used as source of

fuel. Very efficient reaction. Re-
leases only small amounts of radio- -

- activity. However, it is technologically I

very. difficult to achieve a controlled
reaction at present levels of technology
and knowledge.

-~y . -,
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SEARCHING FOR SOLUTIONS

« °
- . ‘
.

, As America segks to become energy self-sufficient once again, we
develop new| sources ranging from better nuclear .power
generators to huge solar collectdrs. But the lack of time compels
us to coTere and recycle the energy resources that we can use

_today not in the next century.

L

-

| QUESTIONS TO GUIDE YOUR READING

“WhHat happened in November 1970 that gave us cause to worry
about our future oif supply?

‘By 1972, what fractlon of our U.S. oil herltage of 200 billion
' barrels was gone?

<

d

_What percentage of known petroleum reserves is (ocated m the

Mrddle East? : . ‘ , , 4 i

How many million tons of trash, potentially burné‘ble in power
plants do Americans throw away each year? : oo ;

Newspapers potentially, are good candldates for recycling. What
are two reasons.why this isn’t done mdre wudely? .

What factor will encou%e the development of new energy
resources? ) ) . 3

L]

-

What is the government program for natlonal energy self—
sufficiency called? \

'
A}




In 1972, Representative Chet. forelgn reserve$, joinin e
Holifield of California said, “What. nations of Western, Eyrope
this country needs‘to dramatize. whose pgetroleum reserves are
. our energy criSis 1s a good 24- considerably 3maller than ours.
hour blackout ! - We turned to .the Middle East,

. = - ' source of 53 percent of known "

We've come a long way since petfoleum reserves as well as to
then. and there are few of us Latin America, which traditionally
who do not realize that conserv- had made up our oil deficits. The
ing energy and. our country’s activities of the oil cartel and the

future af® . inexorably related effects on our foreign trade and '

Some’of us even have stopped balance of payments are well
complammg about driving 55. _ known. As a result,: the govern-
mph’to save gasoline! But, lest ment, through Project ,In-
e become panic stricken, this is dependence, has opted for
a time atso for concrete solutions  national energy self-sufficiency
rather than desperate measures. by 1985. This project is a
. blueprint outlining the sijze and
On and' natural gas became the shape of our  problem and
‘most widely used fossil fuels in reéommendmg self~sufﬁcnency as
the United States because we a national goal.
drew on our own resources, not - )

, those in the Middle East. In fact, It is hoped by 1985 that it will.

we -may remember, the prophets make economic sense to. “’buy
of, doom some years ago, who Amencan By that time, we .may
kept saying that the United States have curbed our energy appetite,
was running out of oil. Yet, new, which by 1970 was doublmg
deposits were constantly dls- every 10 years. We may also
covered, and the future somehow have developed new energy
was pushed back. sources through research and
better  utilization of traditional
All of this came to a halt in sources such as coal.
" November, 1970, when the rate
at. which we were finding Several trends. justify a cautious
domestnc bil reserves failed, for optimisa. We have realized that
the {irst time, to exceed tt;e rate: the eriviggpment is fragile and in
at which we were consuming ail .some asp¥cts irreplaceable, and
From that time on, the known technologies are Being developed
reserves -have declined steadily, to harvest energy resources
we have~increased olr withoutas high an environmental
dependence on cil imports, which  cost as has been paid in the past.

- have ftripled in the last 25 years. Technology is also advancing in

By 1972, about half of our known the field of recycling, ‘in order to
oil heritage of 200 billion barrels Jengthen the life pof dwindling
was gone, and the rest was resources. Research is progress-
becomiing ificreasingly hard to ing on several fronts to harness
get. : the energy of reﬁewable sources
’ . such as wind, sun and_jides.
As ol imports increased, we Higher fuel prices are furnjshing
became more dependent on incentiwe' to explore and develop

35
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SEARCHING FOR SOLUTIONS

néw sources and convers?on
techmques . .

Economic incentives, probably in
the form of higher prices, will en-
courage searches for new
deposits and promote further
development of present ones.
Such economic incentives will
also spur effortg to itnprove refin-
ing and electricity transmission
methods to cut doyvn on energy
losses. . .

However, these efforts
alleviaty the central

finite fossil fuel supply
fictlently. Increased” funding for
research and developfent “of
. alternative sources” will be
needed to.bring gbout the day
when they are vi

Surfacé mining companies can,
and do, make efforts to restore
mined lands to. their former
usefulness. Methods can be_
found for removing sulfur from
coal; the key is to find a method
that' is economically feasible.
Automobiles can be designed ,
-with smaller, more efficient
engines. :

Many things are bemg done to
improve our extraction and con-
version of energy sources *so as
to increase supply and-lessen the
environmental coaMorej could
be done. They are t€€hnologically
possible, and they will be prac-;
. ticed increasingly as there s °
economic benefit to be gained
from them in terms of added
profits or penalties avoided.

Recycling is a key to extending+
“our present resources untit alter-
native energy sources can be

-
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made workable R_e’cycli'ng in-
cludes bBoth the fgecovery and

reuse of natural resources, and
extending the life of products.
Here, ton, a united effort is re-
quired The student must be
helped to,understand that each of
us can.make an important’ con-
tribution «f we live’conservatively
and keep doing so. Meaningful
recycling must go far beyond the
two-week science project or the
occasional paper drive: We must
start at home in an unglamoroqs
way by using up what we have or
wearing it out, Yy
Ohioans can be proud of the
steps toward recycling already
taking place in our ‘'state Many
City governments are considering
the possibilmes for
wastes to supply =g’gwer At
Franklin, Ohio, there is. an ex-
perimental tota/ waste recycling
plant, potentially capable of
processing nearly all of the com-

- munity’s wastes for reuse.

Each year American$ throw dway
125 mullion tons of trash, poten-
tally burpnable in power ‘plants.

-Yet, the plants to burn this trash
must be highly sophisticated,"

capable of removing ar pollu-

- tants and operatmg with a variety

of fuels. The wasteés must be
collected and brought. to the
plants in large enough quantities
'to make the processes economic.

Many of 'us save old newspapers

for recycling, but here also are’

constraints. Large quantities of
water, which may become pol-
luted, are required for recycling
paper pulp. And high freight rates
make it costly to bring newsprint
to a recyclmg plant even though

" it may cost less to make paper
from recycled stock than from’

wood.
In many areas our old auto-
mobiles. and other metal scrap

Aruitoxt provided by Eic:

burning .

:523. -

are being almost totally reoyf,‘!ed
Yet there still are proglertis 1n
getting the scrap into snzesﬁ;ﬁd,
forms in which it can be utl
Burning the nonmetalparts A%
automobiles is "highly polf} }mg,
removmg the "copper wnre"!rom
junked cars takes tim@&™ % Bug
machines can chop steel:gerap
mto bite-sized chunkg® for
reprocessmg but these magbmls
require considerable energg

L

There are many approaghes to

new thinking and better tonver-
sion methods for recyclmg, better
ways of handling wastes at‘home
and in industry and at all levels of
the recycling process. Has
anyone ever thought of désugmng
automobiles which, in addmon )
using gas more efflcuently, can be
recycled more easily? Questions
like this are good discussion
starters for all grade Igvels. How
can “tin” cans be recycléd? What
provisions does your community
, have for recycling glass? How can
we get more use from books and
magazmes7 : ;

As s true for environmental
safeguagds the technology of
recycling’ is, as yet, far ahead of
the-capacity of most cémpunities
to practice it on a'significant
fevél. One estimate {§Xhat large-
scale adoptionr of; _municipal
resource recovery systems is 10
years away. Most present sys-
tems consist of some combina-
tion of .shredders,. grinders,
‘scanners, screens, and electro-

<

ment, recycling centers m?sf find,
markets for the sorted scrap. The
overriding economics, however,
may well be the sawvings n
energy as well as raw nryaterials.
Recyclmg paper and steel re-
quires 70 percent 'less energy
than- manufacturing with new
materials. -

+ ‘ ,
"Although today’s energy situation

. 1S serious and the forecast 1s a

challenge for survival, there is
anothei side to our energy
problems. Out belated realization
-that fossil fuels are finite may
prompt a reversal in our energy
use patterns from spendthrift to
more thoughtful use. And the
change may come.soon enough
to give'us a margin of time in
which to find other sdurces, other
use patterns.

R

magnets to break down and so N
out ferrous metals alummun:B \ .

glass, combustible and noncom
bustiple -garbage. Some
demonstration —plants are

fuel oil as well.

The economics of large-scale
recycling pose more problems
than the téchnology. In addition
to a sizable investmentn equip-

39
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"' CONSERVATION: AN ETHIC FOR EVERYONE - * . % |~

o 4

“ " We know we can work together for _é common-goal if we believe in
it. The chaflenge is to make energy cohservation a common ex-
perience that we all can share directly.” ‘

~ *-,

(<

& - .
QUESTIONS TO ‘GUIDE YOUR READING - . "~
, ST % T
What should you look for when your students COmp{‘gin they are-
.cold in a heated classroom? . L -

_ i T
~ " You and your students are planning a field trip, and ygU will be
.| - away from'your classroom for the entire day. Tarning’out the room
lights and: turning down the thermostats.are two, possible energy
conservation measures for your class. Can you suggest others for
the-field trip? ' : . : :

:

A
s

T

In past history, when a society ran out of.enerdy, what could it do?

R ' ) . '
\Why can’t we do this_today? X \ ) Co

. . . " . ), .
N . v I
A SR : . . .ot
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We've seen the story over and
over again in the movies and on
television A group of people in a
I'feboat have only a Iittle food and
water They divide up the supply,
and each one.takes just enough.
For days they survive, and just at
the last minute they are rescded.
This 1s a simplistic, illustration,
but time and time again history
has demonstrated that Reople
will practice conservation and
work together for the commion
good. providing they realize that
they all are in the same boat. It is
our job to make this realization
rneanmgful to our students. Con
servation is not just what oné
does somewhere else, out in the
forests of the American West.
Some conservalion measures are
being imposed on us from the
outside “We must pay more fot
luxuries, 30 we consume less of
them and., thereby, we sawe,

energy. We must remember that *

society also is responsible for
finding new and meaningful work

For the people who formerly made

* these products Higher prices in-

evitably will slow down energy
demands, but :n the lorig run
energy , conservation—and” ‘our
very guality of life—must depend
on our practice, together, of an
energy conséfvation ethic. Like
the environmental ethic already
practiced in our.schools, this new
energy ethic must be with us
constantly, interpreted-in a way
that ‘'makes us understand our
needs and wants in the coptext of
the world around us. We must all
overcome the attitute that, if we
can afford it, we should be able to.
use it. This attitude does riothing

3

»

. f. hd
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to solve the énetgy waste and

.conservation problem. Perhaps

viewing conservation as energy
insurance would help change at-
titudes and stimulate positive
actjon. ..

-
.

We practice the energy conserva-
tion ethic when we understand
that fossil fuels are very impor:
tant to us, personaily. How many
children today actually know
what a lump of coal looks like?
How many know what happens
when’ they” glug in an electric
toaster? Because children and
youth are ggrious about the world
around {hfm, they may be far
better prepared to appreciate the
personal value of energy re-

* sources than their parents are.

Creating ,3 learning atmosphere
in which they can understand
and practice energy conservatidn
is & challenge warthy of the per-
sonal ‘commitment of every
teacher. )

For most of us, the changes will
not be fundamental ones. We will
be, slightly cooler in winter,
warmer in _summer, make our
purchases with a view to effi-
ciency and recyclability, rely less
on throwaway %packaging, dnve
smaller ¢ars at slower Speeds
“use public tranSportanon and
walk more, turn off lughts we are
not usmg and I€arn to think of
energy as mone:yf We“will not

need to return to energy-use

patterns of a century ago. But we
might well return to the spirit of
the slogan that was so popular
duting World War Il “Use it up.
wear it out make it do. or do
Wlthbut ' v

41
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. CONSERVATION: AN ETHIC .-
. FOR EVERYONE .

Most school systems already
have worked out energy conser-
vation plans. Every teacher
should, be thoroughly familiar
with the Guidelines for the Con-
servation of Energy in Ohio
Schools published by the State
Department of . Education. They
reflect the development of an
awareness of the value of energy
as a scarce fesource. By carefully’
observing and practicing these
guidelines, we can transmit this
awareness to our students.

For example, we know that even
when air that 1s heated to 74 to
78 degrees s moved swiftly
through a classroom, we can be
uncomfortable .because. the air
removes body heat in an ex-
cessive way. If we can eliminate
drafts and reduce air flow to re-
quired standards, we feel much
more comfortable at lower
temperatures. But many of
today’s schools were built when
there seemed to be energy to

burn, so wnsulatiog. tight doors

and windows were not always
given pnonty attentxon you £an
help correct this, but you miay re-
quire professional assistance.
Simslarly, you. as a teacher can
. watch the thermostat, but your
school district must make sure
) that the automatic temperature

regulators are maintained ade- .
".quately and that heating systems

ares kept up-to date.

You might want to consider
{dependmg on your local situa-
tion) seting thermostats as low
as 55°F near the close of the

~ school ‘day and for the night ...

turning thermostats down to 40°
L} -

2t ¢




on weekends unless pockets of
uneven temperature may cause
damage ... shutting off all
,outside_air at the end of the

schoo! day and on weekends ...’

switching from_natural gas to an
alternative fuel, where possible.

At home there are many possible
‘conservation measures (your
students ‘can doubtless‘come up
with a much longer list than this
one}. o

® keeping thermostats down
@ providing adequate insulation,
weather stripping, and storm
windows

]
-

@ operating dishwashers, clothes
washers and dn(ers only once
B@y. ..
® turning vYff lights +and
+ televisions and replacing in-
candescent bulbs With fluores-
cent fixtures
@ washing in cold water and tak-
Ing showers instead of tub
baths '
0 selecting clothing for wear and
durability i
-~ @ closing draperies at night dur-
ing" the winter and keeping
* them, closed during ot
summer days

"

® walking or ndanq a bncycle in-
. stead of. dﬂvmg (but, always
practicing safe riding hablts)

K keeplng the famuly car in tune, .
B -with, tires properly inflated

-

® buying and using appliances
which are most efficient (con-..
sumer magazines can tell yoy . ;

-

which ones to select)

«

”»
b

® using an exhaust fan in the
" summer to supplant or help
» the air conditioner

® daing without air conditioning
if possible

.
-

" @ taking vacations close to home -
with the entire family together *

.
*

@ organizing car pools

® and soon.’

*Most of these suggestions boil
down simply to usjng good judg-
ment, a quality Americans are
traditionally noted for.

Nationally and statewide, many
energy-saving 5teps- are being
aken. Your students can -docu-
ment them. theyaisocan suggest
«more steps by writing directly to
leaders in industry and goverrn-
ment. We see moves:

® to encourage interest in in-
termediate technology gs com-
pared to placing value on
bigness.

.to move toward self-§6pporﬁng
communities with diversified
Industnes to support the needs
ofrthepopulatton PRI

® to stimulate interest.in hand-
crafting and the manual opera-
tion of small machdnes for

making products. .

to provide better mass transit
through expres§9bus servnces,
from suburban ' parking lots,
**dial ride" and pooled taxi ser-
yices, more convenient’transit
schedules. rénewed interest in
".trains and interyrban lines par-
ticuwlarly in high-traffic “cor-
ridors ~such as Cincinnati-
Columbus-Cleveland,

- 42 ;

® to schedule airline fhights to 90
percent seat capacity and at
times when planes are not
"stacked” over airports,

® to cut down on yearly
automobile redesign and make
it .easier to replace fenders,
bumpers and other parts. .

® to promote nearby tourist
attractions. :
If these trends are to fulfill their
promise, your role as an educator
will be crucial. Creative thinking
will be at a premlum as we seek.
both shoR and long range

.solutions to our energy problems.

Both thinking and doing are im-
portant, for time spent in
teaching conservation is prac-

tically useless uniess the
knaw“t-fdgé_‘_x i5 tra' 'ns‘lafed into

acnon

In Ohio classrooms today are the °.
boys and girl$ who must develop .
workable ways of protecting‘and
preservmg the- vital natural en-
vnronment if the énvironment as
they know # is to be left for their
.children. - Perhaps one of them
also will unlock the technology
Wthh will relieve us of our o
dependence on fossil fuels. 1s--.

% '..that student in your classroom

today?

Our energy situation is like the
!, status of space exploratjon less
than a generation ago when the

Russians surprised us with Sput-

nik. Suddenly, America needed

trained scientific Ieade‘Fshnp. and
it was fortunate thatsthe talents
.of John Glenn, Neil Armstrong
and other leaders were being
deveioped on foundations laid in
Ohio schools—foundations in the
humanities as well as the
sciences. > .

tr
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Since the 195Q’s, the space
program has given us a new op
portunity to look at ourselves. The
implications to sctence and
mathematics have been dbvious,
but we also have seen from the
perspective of space that the,
earth has limited resources and
that we all are responsible for
conserving these resources. The

* world view that we share through

ERIC
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.the social sciences and literature
already s reflecting this in
terdependence Today’s students
must be the “energy astronauts™

.

of the future. For them, the con-
servation ethic must become a
way of Ife, reaching into nearly
every activity.

Historians would search 14 vain
for a society which has cut back
its demands for energy and still
flourished. Usually, the historical
answer to avoiding extinction has
been to conquer new lands to
find new energy sources. But
thete are np more new lands. We
are confined to a planet where
energy s scarce everywhere.

N

~Thus, we lack a historical prece-

dent, but we do have at our dis-
posal the technology and the
knowledge to find our way-out of
this apparent dilemma. The
challenge 1s in communicating
the energy conservation ethic
and its basic foundations to those
who will need this knpwledge in
order to live.

That 1s why the outcome rests, to
a criical extent, with those who
would mold the future in the
classrooms of the present.




~

ANSWERS TO E.Q. QUESTIONS - .

1 Because they are derived from animai and vegetable-remains that collected at the bottom
of ancient seas and swamps more than three hundred million years ago

. .

2 Petroleum, natural gas, coal ) -, ¢

3 Sun. wind, falling water: tides, plants, amimals. muscles
4 Coal .

5 The correlation of the study of energy to sciente and mathemaucs 1s obvious Social
studies trace the advancement of societies 1n relationship to energy use Literature ’
tells of the hives of people 1avoived in the cevelopment of energy. The-basic en'ergy
source. the sun. 1s frequently the theme of much music and art ’

6 (1) The fossil fuels in the earth nQw are, for préctncal purposes. all that we will ever have * -
This dilemma, 1s at the heart of man’s current energy problems..{2) The demand for
~~ energy I1s ever mncreasing . <

. 7 Asanation we are ?ealizing the need to"move toward self-sufficiency. and technology 1s
being challenged to discover new energy sources and conversion processes. to.

8 The automobile and space heating

9 Over half of the transpbljtatfon energy in our country js consumed by automobdes, which
are used primarily to carry people rather than goods ' .

" -10 Because 1t requires conversion of a primary energy source such as coal, petroleum,
nuclear fission, or hydropower for 1ts generdtion -

11 The turbines which generate electricity are less than 50 perch efficient, and a substan-
“tal amount,is los‘t_‘ through transmussson along power lines’

12 By being burned off at the heads of o1l wells before it wds Iearned that gas could be used
profitably. . oo

13 In meeting our energy demand. we can enither import morse fuel or reduce our consump- .
tion Other options are intenstfied exploration for new reserves, more efficient ways of \ .
re€ovening fuel.resources, and discovery of new sources and conversion processes

14 Enerdy 1s the abitity te-perform work ’ ' _ T

15 Kinetic and potental ) :

16 Fission and fusioh - -

17 (a) All three, : ' . ~ - .

{b} Nuclear- ’ ] ’

) }g) Chemical X ) . R
18 The British thermal unit {Btu). : e )
19 The ratio of‘uséful product to the total amount of energy input or output *

20 Electricity 1s clean. avaslable instantly. and easily transmitted However. both the genera-
tion and tran:smissnon of glectricity involve some waste energy .

>




21 Heats a kind of kinetic energy J :
22 (a) St’mhght, green plants, and hydropower

{b} Uranium, coal, naturat gas..fuel ol and oi shale. i
23 Fossil fueis are found primanily within the earth and all are storable and transportable.

. They have nonfuel uses and require altering the landscape for their use. All are burned, .t
producing heat to perform work. All are nonrenewable -
24 Coal _ ) .
25 ‘Steam engine , . r
26 Pt and gas are cleaner, gasser 10 handlg than coal solids, more versatie, 7nd less
polluting Lt
27 Coal '

28 Gasificanon i P
29 Hydropower, solar radiation, winds, tdes and geothermal sources

30 In November, 1970, the rate at which we were finding domestic o1l reserves failed, for
. the first time, to exceed the rate at which we were consuming oul. .

~

31 National energy self-sufficiency by 1985

. 32 Technological advancements are being made in the areas of (1) harvegtmg energy
resources withSut as high an environmental cost, (2) recycling-to prolong the Iife of
dwindling resources, (3) harnessing energy of renewable sources such as wind, sun, and
tides . .

{3} reduces Iitter . A

34 Problefns in total recycling of throwaway materials are finding markets for the sorted
scrap. costs of collecting and transporting i, and energy consumptidon of machmes whith
sort and process it

35 Pregent major extraction and conversion processes exact environmental cost by releasing
pollutants‘and causing damage to the land and bodies of water.

36 H'tgherfueipncesw‘fumtsh an incentive for éxploration and development of new sources
of energy and conversion methods. .

37 .An acceptance of the fact that resourées, in p:arucular our fossil fuel resources, are finite
and therefore precious, to be used wisely. :

38 Maintaining lower temperatures and using electricity, paper supphies and other energy
consuming magenals carefully: _ . ¢

39 Turning off hghts and appliances when not in use, keeping thermos:tat% down, buying
appliances which are efficient. providing adequate fsulation.

40 Providing efficient mass transit, promoting nearby recreational attractions, enforcing ,
lower speed limits, encouraging community planfung to ¢decrease commuting distances,
enacting standards for more energy efficient cars and apphances, stimulating . .o
technological advances in the discovery and development of new sources of energy and
means of conversion. )
. ol
45
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British Thermal Unit (Btuj~The amount of heat required to raise the temperature of one
pound of water one degree Fahrenhet. Because all energy may be converted to heat
energy. the Btu™s often used as a standard measurément for the “‘energy content” of
many energy sources. As the following table of equivalents shows, the Btu rs a very small
unit of measurement .

. . - Fuel " Common Measure Btu Content
’ 4
. Crude O#l Barrel (bbl.) . . . 5,800,000 ?
Naturel'Gas  Cubic Foot (cf) 1,032
Coal - Ton . . 24-28,000,000
. Electricity Kilowatt Hour (kwh) 3,412
- i
- ‘ * - >
N - » . .
. (Unfortunately, direct comparisons of energy content of different fuels cannot be made ac- .
. curately because of the difficulties of measuring them in the same units.) . —

Coal Gasification—A process by which coal, in contact with steam, can be made to producea
substitute for natural gas. -

C e . :

Conservat:on——Prese_rvauon from loss or waste. With regard to our consumption of energy.
the message of conservation means finding the wisest possible use of nonrenewable, ex-
haustible energy soprces and l?nproving conversio_n processes so as'to increase efficiency.

Cycles of Energy Subsrizu_;ion—A way of bicturing the history of energy sources in the United
States. Wood and coal had completely replaced wind and water as major energy sources
around 1870; cos! replaced wood as the major energy source around 1885; and petroleum
replaced coal as the majot energy source about 1940. X Ce

A}

Efficiency—The amount of useful work we get-out of a machine or conversjon process divided
by the total energy output. Efficiency, expressed as a percentage, also measures the
amount of useful energy we get outJdivided by the- amount of energy we put jnfo-a* -
machine. We can speak of the relative efficiencies of varidus fuels or energy sources in a
particular conversion process; and we can speak of th%‘i'elative efficiencies~of vartous con-

version processes using a particular fuel. No machiné i , 100% efficient. -

N

_Energy—The capacity or ability to perform work.

Energy-to-Eneryy Conversions—Changes in states or forms of energy. Mosiepergy 15 derived
from another state or form—kinetic from potential, heat ffom mechanical,.and the like.

- 43
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Environmental Cost—All forms of energy-extractson conversion, and use exact a toll of our
environment The advantages of a particular energy use must be we;ghed agamnst s effects
- on the environment. .

Extraction—Retrieval of fossil fuels from the earth.

3

Fission —A “'splitting,” specifically the spliting of certain heavy atomic nucles into two atoms
of much lower atomic’'weight The loss of [Mass appears as energy in an amoumntequal to
the difference 1n mass times the speed of light squared (186,000 miles per second?), or
e = me? The process begins with the bombardment of a “fissionable” atom by a heutron of

. . another atomic nucleus which releases neutrons from the “target nucleus.” This release
enables the process to be self-perpetuating, and chain reactions are possible. «Controlled

- they generate useful energy, uncontrolled: they are an atomic bomb like those of World

War il :

e

’ .

Flow or Fund—A useful way of classifying energy sources. Some energy is derived from the
continuous, renewable flow of energy from the sun. Other sources are stored from times
long past in @ nonrenewablg, exhaustible energy fund. o

. Fossil Fuel—An energy source, such as ‘coal. oil, and natural gas, derived from the action of
tremendous heat and pressure on animal (chiefly marine) and plant fossils buried under the -
earth’s surface more thah three hundred million years ago. Fossil fuels contan the stored
chemical energy of plants and animals that were once alive.

v - <

Friction—Resistance to motion of two adjacent surfaces. d

" -

Fuel—Anything converted from one form to another with, “release” of énergy to perform .
useful work, as when coal is burned to produce heat to produce steam to run.a turbine to .
produce electricity to light a lamp to help you read a book at night.

v 4 o,

T

5uel Cells — Battery like, portable electric generators producmg Current from the reaction of
. hydrogen and oxygen. - +
Fusion—# joining,.in particular, the combination of two atomic nucler to yield one larger
nucleus whose mass is less than the sum of the masses of the original nucler, The lost
* mass appears as energy as in fission {see above). Because electrical charges wnhm the
nucleus make it very difficult to bring two nuclei close enouagh for fusion, the reaction re- .
. quires extremely high temperatures and pressure {hence the synonym thermonucle‘ar .
reaction”) To generate useful energy, the reaction must be controlled, the Rydrogen bomb
represents an uncontrolled fusion reaction. -

Geozhermal An energy squrce télying on' natural steam nsing from underground with
: enough force to drive mrbogenerators .

CERIC .. R T
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Horsepower (hpj}—A standard unit of measurement of power, equal to 33,000 foot-pounds of .
work per minute or the force required to do that much work. (A foot-pound 1s the force ret
quired to raise a one-pound object one foot straight up 1n the air, or its equivalent In other
words. one foot-pound of work may be done by lifting a one-pound object one foot, or a
two-pound object one-half foot. or a half-pound object two feet.) A horsepower 1s more
M power than a real horse possesses over long periods. but less than it possesses 1n a short
peniod of work. One horsepower equals 245_7 watts, where the watt 1s another measure- .

ment of power . C
- X /

*
Hydropower —The energy of falling water harnessed to turn turbies to generate electricity.

. .
. 7 - -
.

Inertia—The resistance of an object to a change of state regarding its motion. Ingrtia 1s the
condition reflected by the '!aw of physics that an object at rest tends to stay at rest and an
object in motion tends to stay in motion It is a force which resists the transformation of an

s object’s epergy state from potential to kinetic or vice versa J ¢
< .

Kinetic Energy—The en’erg}7 stored 1n @ moving object By mowving. an object can perform work
or move other objects to perform work Kinetic energy of an object equals one-half the
product of its mass and its velocity squared (Ek = 1/2 siv?). .

Law of Conservation of Energy—The law of physics statuﬁg. that the total amount of energy.in .
a "system” {such as the Universe) 1s constant Energy s neither created nor destroyed. But
S merely 1s constantly changing forms and states Particular energy sources of fuels do dis- _
: ) appear. however This “law™ has been rewised in the light of findings,that in nuctear reac-
tions. matter 1s directly converted to energy. The reverse process is also true, and the law
has been renamed the Law of Conservation of Energy and Matter.

. ’ . -’

~

Machine—Any system or object.which, through any of a number of processes {(burmning,
chercal reaction, atomic reactions) converts energy in one form (the fuel) into energy*in
another, more useful form {the product or output) plus'some energy converted to a ‘waste .
Yorm . o ‘ R

PR »

: N
Magnetoh;drodynam/cs—A process of converting heat from combustign gases directly to

electricity by passing gases throygh a magnetic field. N\ N
~ . = f
Oil Shale —Sedimentary rock which contains a substance yielding oil when heated. ©  ° .
Open Pit Mining—Strip mining. )
Potential Energy—The energy stored in @ non-moving object because of its position or -
herent qualities The force of gravity may act on any object as resisting forces are removed.
Furthermore. some things. such as ¢oal or wood, contain stored or potential energy which .
may be converted to heat energy through the process of burning. : '
. 4 O 'b .
J ° ' -
. m:‘& \‘ \»4
. 43 Ol
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“Short Fon—2000 Ibs., the customary “ton” of coal, as distinguished from the “long ton,"”

.
.

»
.

Power—The rate at which work is done, expressed in units of work, such as foot-pounds, per
unit of time Energy 1s a capacity for doing something (work), whereas power Is the rate at
whick the something 1s actually done.

Project Independence—Our government’s goal of national self-sufficiency in energy.

Secondary Energy—Electricity may be thought of as secondary energy, for it requires conver-
sion of a primary energy source such as coal, petroleum, or nuclear fission for its
generation. . .

2,240 Ibs.
Solar—The sun as an energy source, harnessed by systems of c{llectors or solar cells over
vast surfaces.

Tar Sands—Deposits containing an extractable petroleum substance.
Tidal—The tides as an energy source, converfed by the same processes as hydropower.

Transformations of Energy—Changes in energy state from potential to kinetic or kinetic to
potential Energy transformations are brought about by three types of processas:
'mechanical‘(physical), chemical, or nuclear. .

Transmission—Transportation of electrical energy from the point of geperation to the point of -
use Some energy loss is inevitable in transmission. Ten percent of-the electricity actyally
generated is lost in transmission through power lines and cableés. '

1

Waste—That which is not useful to one’s purposes. In certain energy conversion reactions, a
resultant form of energy may perform no useful work for us, as for example, the sound
generated by many machines. However, that sound may be useful energy in another
process at another time, depending.on our purposes, as when-a whistling teakettle tells us
the water 1s boiling. : R

Watt (w)—A common unit of measurement of power, especially electrical power. Named after
James Watt, the famous Scottish engineer of the. 18th century. One thousand watts, or one

. Kilowatt (kw), is equal to 1.34 horsepower. Electrical power generation, or consumption, Is
commonly measured in kilowatt-hours (kw-his), where one kilowatt-hour 1s equal to the
energy of one kilowatt of power acting for éne hour. . . -

Work—The cor\wersion of energy which results in the movement of an object from one place .

1o another in respgnse to forces (mechanical, chemical, nuclear). The measurements for -
work have to do with heat generated (the cglorie, Btu) or movement produced (the joule,
electron volt, erg, foot-pound); any of these hje‘asurerhents may, also be used to measure
energy, the potential for work. ) v T

o & -
o’ . -
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UNIT 1: ENERGY—WHAT IT IS AND HOW IT RELATES TO WORK

-

UNIT PURPOSE:

To help students become aware of what energy is, how it affects today's Iife style and
how it relates to work.

ENABLING CONCEPTS:
A. What is work?

B. The importance of energy

L4

°

C. .How machines help change energy into useful work

D. Energy’s relationship to work

Concept A. What Is Work? : .

INSTRUCTIONAL OBJECTIVE:

To provide the students with a defrnltron of work which will help them understand the -

concept of energy .

POINTS FOR EMPHASIS:. g

® There are many different ways to define work. When we talk about work, we are often
talking about things we have to do personally. Scientists define work as a push Qr pull
{called a force) which causes an object or substance to move or change in some 'way.

® When anything moves or changes in some way, work has been dohe. Work 1s done in
nature without man's mterventron Some of this work is helpful tb man; some 1S harm-
ful; and some’has no effect at all.

® Man performs work, sometimes 3bqe, and sometrmes wrth the aid of a machrne
Some of the work performed by man is to man, some is Wasteful and some is

" harmfuel. . ’
® Useful work is the work that man-wants done. Bt ¢ e
LEARNING ACTIVITIES: .

Students may:

® Write the following defrnltrons in energy notebooks and develop the meaning ih
several exparded paragraphs.

WORK IS A PUSH OR PULL WHICH CAUSES AN OBJECT
. OR SUBSTANCE TO MOVE OR CHANGE IN SOME WAY. . .
" USEFUL WORK IS WORK THAT MAN WANTS DONE.

® Prepare simple demonstratiohs of work and presen\them to the class. . .

_ @ Construct a bulletin board display of the various types of work. useful wasteful,
harmful,

@ 'Discuss the types of work our bodies do in the norimal life processes (breat.hmg eating)
and how these relate to the scientific definitions of work.

51'
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@® Discuss the types of work we.c?B each day from-the time we awaken until the time we
retire. Which of these activities do we consciously think of as work and which do we
classify in some other way? '

. '® Research and orally report on work that happens, in nature, over which man has no K
control. Examples: The wirnd transporting seeds, tornado, hurricane, tidal wave, .
: . glaciers,, -
Concépt B. The Importance of Energy . .

)

) 4 .
INSTRUCTIONAL OBJECTIVE: ‘ .

A To make the students aware of the effect of energy on today's life styles

. " \\
POINTS FOR EMPHASIS: . \
® Earliest man relied on his own energy (muscle power) to do the work needed to reet
. his basic needs. Nerly everything was made without nonhuman energy sources-or
machines.

@ Civilization evolved as man continuously searched to find nonhuman sources of energy
to perform useful work. By utilizing nonhuman energy sources, man has been able to
accomplish work more efficiently.

® By utilizing nenhuman énergy sources, man has been able to do things that could not-
have been done with muscle power alone, )

b e Tech_ﬁology represents man's efforts to find new, rhore efficient ways of using non-: *
human energy sources to perform useful work.

LEARNING ACTIVITIES:

Students may: . ' . .

. ® Be challenged to "brainstqrm" an.industry that would not have a high energy require- °, .
ment (only human apd animal sources—no electricity). .

® Prepare a research paper about the beginning of the uses of different sow‘c‘es of .
energy. Include maps ‘showing where energy sources were first used and a timeline to
¢ show-when.

" ’ ® Prepare a talking mural which would illustrate and discuss the discovery, developmep‘t
and use of various energy sources from the time of the caveman to the present. (Pi¢-
tures and tape narrative are student prepared.)

® Write a paper on how usinr sources of energy has affected the evolution of our life
style. .

® Take a field trip to the local historical museum to view actual éxamples of the evolution

of modern technology: _
i Write'a paper about what lifg would be like without the use of snonhuman energy
sources. . .

. . 1 ' . ‘ .

B . 0"Wr_ite an original science fiction story about the uses of n sour of energy.

® List sources of potential energy and have students discuss how they may become - o
kinetic. . . 1 . S

ERIC .. B
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_* POINTS FOR EMPHASIS:

. . a

® On a map., color code those areas of the United States that might be able to use tidal
energy and wind.energy. p .

® Compare heat energy content of 10 grams of coal, charcoal wood, gas, and alcohol.
% See how much water can be boiled with each sample. (Different woods have different
\ calorie potentials.)

\

\

\\\\Cogcept C. How Machines Help Change Energy into Useful Work

" -

INTRUCTIONAL OBJECTIVE:

To help the students understand how machines help us change ener'gy into useful work.

® A machine is a device that changes gnergy into useful work.

® Machines can change energy into useful work through mechamcal chemical and
atomic means. . : .

® Mechanical energy is released by an object in motion.

_~ ® Chemical energy is released by the reacting of two or more elements.

Nuclear energy can be released through either of two processes. through fusion, the
joining of atomic nuclei, and through fission, the Sphmng of an atomic nucleus.

Machlnes transfer a force (push or pull) from’ one' place to ancther.

All of a machlne may be |nvolved (as a broofn) or only parts of the machine (as a
blcycle)

Machines may change the d|rect|on of a force (as a pulley) or increase the amount of
force (as pliers). .

® Machines may increase the distance through which a force acts (as a broom ora
bicycle). .

® The work (output) of a machine equals the energy (input) put into it. “~
®. Machines, however, conserve - the amount of human energy expended .

® For erranng machines, we need energy sources that (1)can be converted into kinetic .
energy in the machires, (2) are abundant, and (3) are closely available or can be
transported easily. \ . 4

® Sometimes a series of machines may be needed to convert energy into useful work. .

-

LEARNING ACTIVITIES: \ , . o :
Students may: < ‘\ . N :
[ ) Bring in examples of machines and demonstrate their use. ) ‘

® DISCUSS how the following items are conssdered machnnes. knde, fork Spa@n, SCISSOrs,
can opener, egg beater, meat gnnder doorknob, broom, shovel, rake, ho hammer
ngil, screw, screwdriver, wrench, saw, hatchet, chisel, pliers, tweezers, crowbar lawn
.mower, and wheelbarrow. What are some other simple machines we have around the

, home?. JUN
Jo
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® Develop a timeline showing when commonly known machiges were invented or came
into active use. Examples: car, airplane, tractor, plow, sewing machine, washer, .
bicycle.. . ' .

\*
® Write about particular machines which changed civilization. Examples: printing press,
telegraph, electric light, internal combustion engine.

® Trace the evolytion of a particular type of machine. -

® Research and write reports on the naturé and use of nuclear, solar or geothermal ]
energy. . .. . . . : T
® Trace the basic.energy conversion processes within a complex machine such as an S

automobile engine or telephone.

@ Construct a bulletin board display classifying pictures of machines by the type of

engrgy Used (chemical, solar, wind, water, nuclear). ] - ) .
. ‘ . . ‘

. Concept D. Energy’s Relationship to Work | .

, . . . ‘ . ‘

INSTRUCTIONAL OBJECTIVE: ) .

To help the students understand the relationship between work and engergy. :

POINTS FOR EMPHASIS: oo U
® Energy is the ability to do work. . t - :
® in some way, everything has’ gnergy" {the ability to do work) in the scientific sense of L.

either moving or changing in some,way. N ’ )

® Ata gi\;en moment, energy is either-at rest or active. ; . e

® Energy at rest is-called potential energy. . e

® Energy in action is called kinetic energy. -

LEARNING ACTIVITIES: . ' LT T A
‘Students may: = v i . T Lo
® Write-examples and draw illustrations of energy, potential energy. and'kinetic energy.
® Each design a simple derhohstration of how potential energy can be changed to kinetic T

. energy-and present the demonstration along with.an oral report. o P R -
¥ ®'Research and present an oral report and demdnstration on'the uses of wind as an,
energy soyrce. (Possible soutce: NASA windmill near Sandusky.)

@® Research and present an oral Teport én‘d demonstré’ion,on the uses of water as an
energy soutce. Include ‘in the-report a discussion of the water' wheel and water
turbire. ' : A 2

- . . > -

~ @ Research and. report on how Xeam, exploding gas arid atomic energy are used to run

machines. ' . . : : : -

‘o Research and-report on.how electricity makes machines operate.

‘@ Calculate }Tliles per gallon for all the parents.' cars for one w'éek.' Summarize and . . ..
generalize on efficiency of generic types: (compacts, subcompacts, full siz€, station - , d
wagons). Compare with EPA findings. , -

® Determiqe energy requiret_'nent 10 run all machines in shop, school office, and., '

‘ maintenance department. (Name plate on e4ch machine has data.) ) .
49 : ’ - . . .
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-7 . UNIT 2: ENERGY SOURCES® ™" - '
- . e ‘ . . . .
UNIT punpose - :

—~ . -

ndke students aware of the scope of energy sourc& available on this planet and of
the relative advantages and disagdvantages of utilizing eaoh of theSe energy sources. e

-ENABLING CONCEPTS> .’ = - - : -

A, Charactensuts of “good” energy sourcw

B. The energy sources used. today . ' . ‘
c. Energy sources of the futkre ' S S
’ Ct':n'cept A. Characteristics of "Go.éd.” Energy Sources )
. . /. - ' , .: . . ) . R |
' - INSTRUCTIONAL OBJECTIVE: - . - = ' .

To provide the students wnth a set of criteria for companng the relative destrabxltty of
ditferent energy sources.

[ .

POINTS FOR EMPHASIS: . S '
® To convert enesgy into useful work, we must begm with a useful enerdy source. ..
Although*everythmg has gnergy, mot everythmg can be changed into useful work.
°® The charactemsttcs of “good” energy sourc,es R Y.
‘e, ) — High energy potential . 4 ’ o Lt ©T - .
) X -7 Abuyndgnt available Supply_. . '\ .on o < ‘. ‘ . : oo
s ' — Relatively easy to obtain e N = , P .
- —_ Retatwely easy to Gohvert the energy source into useful work . ' ‘
. -— Extractton and use of the energy source should. not have negative envirgnmental
) - RN effects orin any cheervay pose a health threat. e T S e -

- ® There is nqg oerfect enefgy sourgg. in order o compare the reiatwe d,es:rabnhty of energy
"A ‘sources, 6ne must cons:der their strengths and weaknesses i gach of the five charac-

tenstlcs NN AR . i .
LEARNING‘ACTMTlss et . g/ ‘ Lo s
) oo . 2 R A .
- Students ma)r -. @\ ' . | LI :

., .« . -

Y Use mé five cba;at:tehstlcs to cpmpare vanous,energy spurces
. ‘b Write }eports descnbmg the factors wmch affect the avaltable supphes of a pamcular )

.- épergy sou?ce at a given time. - * . .. K - -~ . .
& e o
. ° ’Wnte reports on how modern \technology has affected conversxon efﬁcrenCy and the , . o
‘envirdnment. . © 4 " 4 e ‘ B R
/‘ @ Raseatch and discuss the cohtributtons of various nations toenergy technology. . . -~ .
v ., C’-Examme and burn small quantity of soft and hard coal, hard and soft wood, charcoal . .-
) \ and cokg. What differences.are noted? Lo i

R ‘- 50(“ 4 *.,’J-. © . .
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Concept B. The Energy Sources Used Today - -

- .

INSTRUCTIONAL 08:50“\75:

To make the studenter@ware of ::‘ma;or energy sources utnhzed todéy andto emphasue

the fact that these are rionrene le

. .

POINTS FOR EMPHASIS: - > : Lo

® The avaHable energy sources fall into two basic categories renewable and non- d
‘renewable .

® The major renewable energy sources are direct solar radiation, the heat of the earth,
~ tdal energy, and wind. .

® The major nonrenewable energy sources are the fossil fuels {coal, oil, and natural gas)
. and fissionable elements (nuclear power). .

® In the mid 1970’s, our major energy sources are ori {44% of total national energy con-
‘sumptior), natural gas (32%) and coal (17.5%). Our minor energy sources are
' hydropower (4%), nuclear power (1%), and wood (1.4%).

'0' Historically, man has Iied to a great extent on fossil fuels.

Today's technology is almost totally geared 1o using nonrenewable fuels {oil, natural
gas, and coa[) The following 1s a breakdown of the U.S. use of fossil fuels.

Indusmal 32.1%
— Transportdtion- 25.1% {Public: 10.8%:; Au;os 14.3%)
P Loss in Electricity (?eneratnon. 17.6% =
. — Commercial' 12.6% ‘
- R%ident{al. 12.6%

LEARNING Acnvmes.. T o

Students may < ' £

L] ‘ .

* @ Research and make maps showing the. locatnon of supplies of majar. energy Sources

used in the United States today. Use this mformatlon to study world trade alliances.,.
and conflict among nations.

¥

~ @ Analyze the problems of allocation of energy supplies in the United States and among i
the nations of the world and discuss findings in class, L™

e Dnswss the pros and cons of goverﬁmenbpropoSed policies for allocauon of energy

»
supplies. Relate this to self-interest. ascompared to cooperation on an individual, com- .
munity, national and international basis. . '
® Research and make maps of the Iocatlon of both the major and minor energy sources .
T Oh’ro . 4 - N ' *
) 0_ Wrne a paper drdwing inferences. from the: fact that more than 90%. of the energy .
"sourcgs ‘we have the ability to utlllze‘zoday are honrenewable. ' . :
0 Study the waste factors ine the'conyersnon and use of pr&eent day fues‘s énd present T

fmd‘ngs 16 the class,

N ‘\' R .
0 Comact a utilty (for example Columbus:ﬁnd Sauthern Ohno Elesmo} for copies ofthenr Y T
am:ual Teport—or find out haw much coa fo:l,‘gas the compaqy erSed to produce their -t .
. totat-kilowatt output: What are the costs fuel? Cost of electncrty‘? Wh-at are plans for o
future generatmg stat:ons fuel supph&e ) . .o L




@ Divide into groups in order to research each energy source used today in terms of the
five criteria of “good” energy sources’and report their findings to the class. ,

® Picture a house and estimate the amounts of fossil fuel used by a famly of four during
( a year. ]
® List under each heav‘g examples of the uses of fossil fuel energy:

— Transportation
— Residential “
— Commercial .
— Industrial - )
® Using the same headings of Transportation,*Residential, Commercial and InduStnal
list problems -caused by fossil fuel energy shortages. . . s
. . N ‘ ' .
7 Concept C. Energy. Solurces for the Futyl:e
- . \ - ‘ . ) - . . - :
INSTRUCTIONAL OBJECTIVE: T .0 |
To acquaint the students with possible alternative energy sources Yor the futyre.

POINTS FOR EMPHASIS: : : o
® Research i IS now being done to h5rness the followmg potential energy sources.
Fossil fuel sources—oil shale, tar sands‘ and coal gasrfrcatron . .

. Natural or continuous sources—geothermal, solat radlatron trdal power and wind
Other sources—hydrogen, fuet cells, magnets, hydrodynamrcs, burning: of trash,
nuclear fission (breeder reactors) and thermonuctear fusion. :

LEARNING ACTIVITIES: ' -
Students may:

® Reséarch and report on current developments and explorations for new energy
sources and on methpds for harnessing these new energy sources. -

® Research and discuss the methods which are bemg proposed to improve use of fossil
- fuels.

® Invite a resource person to discuss current research developments in the search for
energy sources for the future .

® Describe what they think would be an ideal energv source for th.e future,
® Think of untapped sources which may be used to perform work

® Study careers related to energy research, development anq use lavite speakers to the
class or to an assembly to discuss energy-related careers.

® Maintgin an energy current events scrapbook or bulletin board of ongding
'deveJopments written up in’newspapers arid perrodrcals

® Have an energy educatlon fair displaying models and charts that they have prepared to
show the various types of fuel and the advantages and disadvantages of their use.
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UNIT 3: THE ENERGY SITUATION TODAY

L 4

UNIT PURPOSE:
. . t : .
. To make sjudents aware of the major factors influencing the enesgy situation today.

ENABLING CONCEPTS: ‘ g
- - A How energy is used in the United States today

*.

. - "B sThe domestic supply of fossi| fu'els'in the United States today

e -~ . . 2
.
.

C. 'Factors affecting the availability of fossil fuels in the United States today .
* B. What we can learn from 'the energy trisis

.

. < : Concept A. }-low Energy 1Is Used in the United States Today |,

-

L3

INSTRUCTIONAL OBJECTIVE:

To make the students aware of the major uses 6f_ energy in our country today and of the 2
: far-reaching effects an energy shortage has on each of these areas of use.

POINT FOR EMPHASIS: - : {

L qurgy if so much a part of our lives that, if we have a problem with our energy sup-
ply. most aspects of qur lives are affected. - o

€
» 3

-

”

. ' LEARNING ACTIVITIES: . . . --
Students may: . | -

- @ List the types of problerhs a* serious energy shortage causes in the transportation,
) residential, commercial and industrial areas of energy use,

® Prepare a report that deals with the major uses of energy today. Include use on a
home, school, commgw, nationa!l and interhational basis. - . -
mg

L] Prepare posters depi the many differgn; uses of er{ergy inrour society today,

" @ Research t';he process through which elecf{icity is generated and suggest what might
> - be done to generate electricity without wasting our supplies of fossil fuels.

..

® Report on the major energy sources utilized in their community. Local resource people
" might be invited in to elaborate further on.the.energy sources utilized locally.

® Learn to readelectric and gas meters to determine home energy use and become
farhiliar with measurement terms such as kifowatt hour. :

. . [ .
.

o “"

. ] Concept B. The Domestic Supply of Fossil Fuels
- _ . *z . in the United States Today_ : ’ ‘

INSTRUCTIONAL GBJECTIVE:"

To make the stucie;ns aware that.'alt_hpugh our supply of fossii fuels will not last forever, , .
current fuel shortages are a result of shortages in the availability of fgssil fuels as well as
shortages in our reserve supplies of fossil-fuéls. )

L]

~
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. POINTS FOR EMPHASIS: . .

RY v B . [ 2 -
¢ - @ All the major sources of energy are fossil fuels .
1 . + .
coal 4 ) J . - -
If all of our energy came from coal, all of thé coal resources in the United States ~
available today would last us approximately 125 years.

It 1s esumated that there are currently undiscovered resources of coal in the United
States which could last us up to 1300 years.

Petroleum .
. ' If all of our energy came from petroleum, all of the petroleum resources in the United
) States available today would last us approximately 5 years.

3

- It is estimated that there are currently undiscovered resources of petroleum 1p ,'zh.e .
Ur{ited States which would,last us upto 280 years. y :

The United gat&s is dependent for this energy source upon other countries,

Natural gas .

. . ‘ -t
If all of our energy came from natural gas, all of the natural gas resources available in
«the United States today would last us approximately 5 years. ) -

"It 1s estimated that there-are éu['rently Undiscovered resqurces of natural gas in the
N United States which could last up to 110 years.

Oil shale .

If all of our energy came from oil shale, it is estimated that there are currently enough
undiscovered resources of oil shale to last us 2500 years. .

v

row

® The potential or untapped reserve supply of domestic fossil fuels in the United States ' =’
can only be estimated. However large, it is not'unlimited.

® The availability of domestic energy sources .has not mcreased_ as rapdly. as the
demand. . . ) ’ .

. - - * e

. LEARNING ACTIVITIES: - . .

o ’

Students may ) - ) N

® -Research and write reports on the following topies: * : .- . -
he energy reserves avarlable in Ohio - 3 . . ] ’

How fong these reserve supplies will last e

. . .« * . )
What can be done to extract and utilize the energy reserves 1in Ohio more effectively .
- s - e

. ) » The probable causes of the energy shortage” =~ . : -

-

" The relationship of supply and demand . .

v

The effect of importing on the ecanomy - .

L]

® Conduct a simulated Congressional hearing on the granting of rights to-dnill 1 the - ’
Atlantic between the 3-mile and 12-mile imit. Is it federal or state domain? Represent, -
. governor of New Jersey, senator from Ohio, EPA official, oil company representative, .
' and.others immediately affected. =~ . .

® Study and discuss proposed legislative measures relating to energy, such as rationing,
S " . Pprogressive tax on horsepower. \ . y

N

- .
-
D - .
S L1 . :) . .
e T
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.Concept C. Factors Affecting the Availability of . )
"+ Fossil Fuels in the United States Today

@

INSTRUCTIONAL OBJECTIVE: .
’ T ’ To-'make the.students aware of the factors affecting the avaulability of fossil fuels in the
United States.today and of possible solutions to the problem-of availabih'ty.

. POINTS FOR EMPHASIS: ] . . . ‘. -
® Ailthough our reserve supplies of domestic fossil fuels are not depleted; therevare
’ shortages. .

® The ey factors affecting the availébahty of supplies of fossil fuels in the United States
today are nationwide economic policies, environmental legislation, and lack of funding

for research and develppment of untapped and new sources of enerygy, includih'g .wasie
conversion. -

- ® NATIGNWIDE ECONOMIC POLICIES

Natuc’;nwrde economic poliEues“h_ave' kept the price of energy low in this country, much
lower than in other nations, The fact that energy prices infthis country are lower than

_ In other countries has had-the most damaging effect q the_ availability of domestic
petroleum and nataral gas. ’ -

& -

-

Low nationwide price policies ha_ve'enoouraged"'ArhErican” oft industries to sell their
products to foreign countries in order to get higheg prices, and to increase foreign
energy supplies through exploration and expanding refinery oapacities in foreign *

countries. '

. ’ Y .
N Low price policies have discouraged “"American’*ihdustries from exploring for new
-\ “ domestic resources and expanding refinery capacities in the United*Sthtes. - .
® ENVIRONMENTAL LEGISLATION : ' k "

- - ~ -

e
Environmental legislation has affected the current availability of domestic energy °

‘ supplies. ) . g
o

. Legislation to halt extraction of oil off the coast.of sputhern Cali;fornia put an end to
s our utilizing one of the major untapped oil deposits in the United States.

Legislétion for a-zkheb!ocﬁedftheiconstfuctioniof'the*Aiaska'n pipeline to transport
the large Alaskan oil reserves. -

-~

- . . " N
Many ' groups of concerned citizens oppose cogstrucnon of. nuclear plants for
reasons of safety. Many citizens also ‘oppose coal mining practices-thatsscar the

landscape, . .
® NONFUEL USES OF FOSSIL FUELS o . )
" Another factor that has affected qur avajlable supply of fossil fuels is the trémgnéous
“. Increase in the demand for using the potential fuels for nonfuel purposes.

For example, gas is used in the manufacture of synthetic rubber, oil and water-based

paint, dishes, D.DT., indigo- dyes, paper coatings, plastics, _explosives, carbonated
. beverages, anti-freeze, aerosols, films andg vinegars, '
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LEABNING ACTIVJTIES . - . IC . Lot
M - i . v
3 ) Stodents .may LR " e . ", v - — -
‘. ‘Q lntennew agovérnment representative on, . . ‘ : .
v .. N The reasons behrnd governmental controls on fossil fuel prices ‘ ','
- Wbaf new legzslanon ssbemg proposed to «mprove the ava.labrlrty of domestic fossy! ]
: ‘ fqels & . < i

o Conduct a panel discussion in whrch hali 1ake the s’rde of the envrronmentalrsts and
haif take the side of individdals who are prumanly concerned with the prOSpect of

severe energy ‘shortages in the near future They may suggest types of governmental . -
* policies which would encoutage the development of domestnc energy Supphes whrle
. . ,stll merntamrng high environmental standards [ R - . - N b
, ® Make 3 bulletrn board display of the types of m‘oducts affected by the shortage of each .
. of the three fossd, fuels e . . .
0 Devote an entire rssue of the school neWSpaper o the subject of energy .editorial,
e news artcles, cartoons, features, Interviews. . . : ) .
. 0 Drscuss the rédanve rmportance of usmg nbnrenewable foss:l fuets for nonfuel
pur_ooses . . N .
. . 3 . t . ] .
e Concept D. What We Can Learn from the Energy Crisis - .
* , . - R . .
L4 ’ . - ~ 4
INSTRUCTIONAL OBJECTIVE; ' .
To make Yhe students aware offwhat the energy cnsis 1s all about and what we can learn
 from 1t . o . g
— POINTS FOR EMPHASIS:

LY

® The energy shortages facing our LCcountry today have occurred because of the fullowrng
circumstances’ .

Population increases

The constantly increasing demand for more and more o;l within the Unrted States ..
(travel, greater production, more sppliances)

Domestic supplies of oil which were too low to meet this increasing demand
The need to import oil and natural gas to meet the increasing domestic demand
@ _The Middle East oil embargo hastened the |mpact of our growing energy problem.

® The energy cnsis has clearl! emphaSrzed three needs which are critical to our nauon S .

survival . . . .
. . - ¢ . .' -
1 The necessity for our nation to become self- suffrcrent in supplying our energy
needs. - . . ‘

’

2. The necessity of our finding new and renewable energy sources and developrng\
feasible tectimiques for their utilization so tHat we gre prepared for.the trme when =
we have exhausted all of ou? supplies of fossil fuels , - .

. 3 Theé need to conserve our fossil fuel supphes as long as Rossrbl'e so that we Kave
- . * more time to research and perfect techniques of utilizipg new’energy sources. . . °

> - . A R . . - -

R . . . . « * - N
4 . = -
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= ‘O,In effect, we can view jhis crisis as a blessing In 'dlsguxée, because it has focused
) public attention, on the total energy situation. This concern may motivate Americans to -
. Pprepare for future shortages.. The effects of the shortages and crisis have jolted us into

. . .an awareness of what will happen « we ignore the situation. A . )
LEARNING ACTIVITIES: . . L R
Students may . L. . : ) T . “ s

® Write a'ne\‘/vspapgr article on “How the énergil Crisis Has Affected My Family.” -

. ® Interview different members of their community to find out how the energy’ crisis e
affected them .

® Write ‘an editorial on .What's Good About the Energy Shortage.” (Awareness of the
, problem ‘and time to work toward us solution.)

- . .

® Collect.and report on newspaper articles dealing with evidences of local energy )
. " shoftages . . ° : ' .

® Prepare graphs showing supply afnd demand.

»

® Discuss-the effects of importing on the economy in the United States. -

. '® DiScuss the effects of the concentration of the world's energy reserves i terms of
. relationships among nations. - ) . A .

N .
® Invite a representative of an environmental group, government agency-and local power
company to speak about community energy problems. Thoughtful questions should be ° -

* listed ahead of ume. . . A
. ’ M L N - & "
® Visit an o1l refinery, electric generating plant, coal mine or other similar installation.
- Write reports or conduct class discussion on the findings. _ .
Lo ® Prepare and distribute a field trip sourcéboqk in which are listed energy-related in-

dustries which can be visited, contact persons, times to visit, appropriate age groups, ,
and what may b seen. ' : .

. . . .
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UNIT 4: WHAT WE CAN DO TO EASE THE ENERGY
SHORTAGE TODAY AN PREPARE FOR THE FUTURE ‘

. .
T B . s .
~

UNIT P\JRPOSE' Lo , N

To make students aware of what needs 1o be done and how they caq help ease the .
energy situation of today and of the future N R

ENABLING CONCEPTS
A. What we can do fo ease the energy sfiortage today - -

B. What we can do to prepare for the future

N . " Concept A. What We Can Do To Ease the Energy Shortage Today

- -
- . . .

INSTRUCTIONAL OBJECTIVE: . . .

To make the students aware of how they can edse the energy shortage today through'
decreasing their demand for energy. . .

'
. M .

POINTS FOR EMPHASIS: ) : .
@ Itis mportant ’to cHnserve qQur fossil fuels for two ‘major reasons: '

To glve us moré time to identify new énergy sources and to develoﬁ the technology re-
quired to convert these new energy sources Into useful WOfk and - .

To save as much of our fossﬁ‘ fuel supply as passible for nonfuel p’urposes
° lndmd‘uals can .do many things to ‘conserve energy.

One factor which contribules to the tremendous demand for, energy 1s that many
machjnes  today ar.e not designed to use energy efficiently. For example, while
providing the same amount of cooling, some air conditioners use up to two and one-
half times as much electricity as others. Frost-free refrigerators use 50 percent more
electricity than standard models. . ’ . .-

@ 1t is important to compare efficiency of enhgrgy usen dxffe:eﬁtproductsbefo:edemdmg o
which brand to buy. This practice will encourage manufacturers to develop products
that use &nergy efficiently.

® The tendency of Americans to waste .energy is another very ynportant factor in the |
tremendous demand for energy. We tend to use nonhuman energy to do things that
we could do just as well ourselves or-to do things that donst“really need to be done. .
Cur consumption also 1s marked by. obvious neglect, such as whé]’\ we |leave lights on .
n unoccu;iled rooms or leave the TV-on when no one.is wetching.

‘LEARNING ACTIVITIES:
Students may

® Research and ﬁrepare reports on the relative efficiency of different biands of the same
' roduct. Each”student {or small group of students) may select a different product and
compile a composite report of the findings for ,dlstributiqsn to other groups and to
parents. (A student version of Consumer Report.)

-

6
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. A S
- — \ : N e
. o Slm'ulate\ a discussion by a’family that has fearned their winter heat allogation will be
“decreased by 20.percent. The ““family” should list ways of dealing with the probleg.

® Set ;mperganal'energy cohservation goals. Make'a checklist opscoreé’af, - - -- o T

- e =

i_ LCompile eﬁergy-sa(nng checklists for home and school use. ) . ’

R FP every engrgy-usi'ng tem within the home and ask each family member to rank .
~ then) in order of 4mp0£:ance,, : . )

. 3 . ’ ° )
~ @ Hdve a'contest to see\ whose family can reduce energy use the most 1n ane week.
Review the reading of electric and gas meters. record the readings for & éne-week
base perniod, and compare readings after a one-week reduction effort. . .. :

-

] . - P '
® Design brochures to inform the public about what they can do to-ease energy demand,

® Compare automobile advertisements of today with thﬁse of 5 or 10 years ago. How are
they the same? How are they different? :

. n ' )
® Compare utility company advertising 6f today with-examples from 5 and 10 years ago.

® Prepare programs on eneérgy conservation to be given in assemblies, over the public
address system or to community ofgamzat:q\ns., - .

- @ List ways that energy Is wasted aiong with ways to prevent the waste.

® Conduct a survey to find information such as how many cars pass a designated point
* with a driver but no passengérs. - . \ . b

® Conduct a survey to determsne how community businesses and iIndustries are cutting
“ " 'Back on energy use-—-hospitals; depgrtment stores, motels, and others: |

. . L}

‘ 14
. - ‘Concept B. Wh‘We Can Do.To Prepare for the Future .
INSTRUCTIONAL OBJECTIVE: - L ‘
To make students aware of what needs to be done and how they can help to insure the
availability of energy in the future. oL
POINTS FOR EMPHASIS: .~ L - .

‘® Wehave seen the need for conserving energy to help ease the<nergy shortage today,
but what about, the future? Regardless of how well we conserve our nonrehewable
energy sources. eventually they will run out. . . '

® We need to start now to prepare for the future by researching and developing
renewable energy sources. . . ’

@ Developing new, renewable energy sources suff_iéient to meet our national needs is a \
phenomenal task that will redlire a great deal of time. Conserving energy today will
givé us more time, but a wholehearted national commitment to energy conservation is
essential . : ] N

' LEARNING ACTIVITIES:
Students may . .

® Design postegs to encourage others to conserve energy .

¥

"’»
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' ® Have a panel discussion in which half of the panel represents business men whose
businegses are largely dependent upon the use of fossil fuels and the other half
represehts legislators concerned about insuring an adequate supply of usable energy
for the future. The panel may discuss whether or not a bill should be passed to provide
substantial financial support for research in the area of hamessmg new energy

' sources. .
. e !
® Devote an entire issue of the schoo! newspaper to.'-how ali individuals can help en-
courage others to conserve energy. . .

® Contribute &rticles on conservation practices to the local nev(rspaper,

® Write to congressmen to find out what legislation has been passed or 1s being pro-
posed to help insure adequate, available, usable energy sources for the future.

® _Prepare and give a program on energy conservation as a part of the public service
programmmg of local radio or television stations.

® Hold class and student council meetings to propose and adopt thmugh student vote,
energy conservation measures for the school.

® Elect an energy conservation committee for the school.

* @ Develop value objectives 1n forming an individual energy conservation €thig.

, Q ’ \ 60 : -

e = R . * (‘




-

SUGGESTED TEACHING UNITS

~ Senior High

-, 7 .‘-
4

. Energy - .. . -
. Conservation
Teaching Resource = -
- . . Units = ,

* 638




UNIT 1: ENERGY—WHAT IT IS AND HOW IT AFFECTS OUR LIVES

UNIT PURPOSE: o ' o
Ta help students become aware of what energy 1s and of’the tremendous influence it has “
on our.lrves . L - . ,
" ENABLING CONCEPTS: . o
A.Energy’s relationship to work  * . ! o

B. How machines help change energy into useful work : .

C.The importance of energy *

.

" Concept A. Energy’s Relationship to Work

S
b

INSTRUCTIONAL OBJECTIVE: ,
To help clarify students’ understanding of energy as the ability to do work. *
POINTS FOR EMPHASIS: ’

® Work is a push or gull which causes an object or substance to move or change in some
S e €
way. . .

4 .

-

@ £nergy is the ability to do work. Everythmg has energy or the ability to do work in the

»

scientific sense of erther moving or changing in some way.. ) . v
\

® Energy is classified in one way as potential and kinetic. Potential energy can perform
work but is not performing work at the moment. Kinetie energy is energy that is ac-
tively performing work.

L Work happens in nature without man 's control or~direction. [ '

@ Man sometrmes alone, and sometjmes wrth the aid of a machine, performs work.
Soma of the work performed by man is harmful to man, some is useful to man, and
‘much is wasteful.

LEARNING-ACTIVITIES! T o - ) R

'

Students may:,

® Give verbal examples of how potential energy is changed.into kinetic energy that per-
forms useful work . .

® Demonstrate through simple experiments how potentral energy can be changed into
N kinetic energy in order to perform usefu! work Striking a match is a simple example.

® Research and reporton one of the ways work happens IN nature. wrthout man’s control
ar direction, such as the hydfologrc cycle. A

@ Research and discuss how man has rntervened for good or bad, in some natural work
cycles. .

f"i

.




Cencept B. How Machines Help Change Energy into Useful Work i N

w

INSTRUCTIONAL OBJECTIVE: ' ‘ i

To help students understand how machines help change energy into useful work \

POINTS FOR EMPHASIS: : S %:

® A machine is a device that changes energy into useful wor_k. Machines can change
energy into useful work through mechanical, chemical, and atomic means. Mech®nical®
energy is released by an object in motjon. Chemical energy is energy released by the .
reacting of two or more elements Nuclear energy is releasedvthrough either of two
processes: T

*J»

-

—, through fusion, in which energy is released by.the goir‘ing of two atomic nuclel, and

. . < .

— through fission, in which energy is released by_splrttr g atomic nuclel.

® Sometimes it takes a whole series of machines' to conveft energy into useful work.

'LEARNING ACTIVITIES: - .
l . . - . . . .

Students may: . .
4 . . .
. ® Research and write reports on the processes through wlﬁch energy IS changed into .
useful work. =~ : / . ! . '
® Design a functional machine o Rube Goldberg cantraption -that illustrates
* potential- to-klne,)lc transformations @ . v

@ Write essays an the relatror;lshﬁé between man and machines.

® Experrment ‘with simple machites such as the inclined plane, pulley and lever to
demonstrate how they make our work easier for,_ us . g

° Researt:h and write reports on. the history of the earl|est machmes and how they were
used. . .

Concept-CtThe Importance of Energy - ., > .

-

> PR Lo - Y

INSTRUCTIONAL OBJECTIVE .

T6 make student§ aware of the effect of energy on the evolutron of civilization. ,

POINTS FOR EMPHASIS: . : R

» * .

® Earlie$t man reliéd on his own energy (muscle power) to do the work needed to meet T
his basic fieeds. Nearly everything was made without the help of fire, animals, water
currents, wrnd dhemrcal energy, or machines of any kind.

® Civilization is a product of man’s continuous sedrch to find nonhuman\sources of
energy to perform useful work. By utilizing nonhuman energy sotirces, man has been
able to .do things which he could not have done using his own muscles. Nonhuman
energy sources have enabled man to accomplrsh work more effrcrently

® Technology evolved as man sought new and.more efﬁcrent ways of usrng nonhuman
energy.sources to perlorm useful work. -

)‘-SSF ..
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. LEARNING AcTiVImES: -, . . _ < .
Students may C D P L ': w
® Wme a paper describing how the role’s of family membershave changed as a result of
. the use pf nonbuman energy sources. ) /" ‘ ]
*© @ Write a paper on Pow enargy affents thenr hvés ‘ . V !

*

@ Discuss how machines may have comi

. S - b}

£
® Write_a science fictior amcle’}qusmg or) future technology*as 1t may apply to energy
utnhzanon ) et ) ’ ’

1 .

”
#

o, Research and dramatize what hfe would be Iike today if we did n'ot,have the benefit of ) .
"any machines . . = . . .

O Discuss whxch‘mathmes -tﬁatbur p'are%s -dwdn’t have simplify our-work today. ‘ o

ficated our hves. Is. man now ‘a slavé to hss

- A
machines? « -, . .




, O } UNIT 2: ENERGY SOURCES

" UNIT PURPOSE: \ . :

¢ .
To make students aware of the Swpe of energy sowc&s available on this.planet and of
the relative advantages and 'dnsadvantages of unhzmg each of these sources

ENABLING CONCEPTS: - U ce -
A.Charactenstus of “good” energy siumes.. S . ) L

—~—n
.

B. The energy sourées used today

C.Energy sourees of the future - . : 4

¢ LI

o Concept A. Charactel;istics of ““Good”". Energy SOK;I:CBS
. s ' . : 7
- . 'i. .
INSTRUCTIONAL OBJECTIVE' -

To prowde/s,wdents with 3 set of criteria for Judgmg the relatwe destrability of eacH’
energy source © | .

", POINTS FOR EMPHASISs , h

&

4 . .
® Although evenghing has energy, not everything can be changed into.useful work. Sub-
‘stances must have certain characteristics 1n order to be “good” energy sources. - . - .

s \

5 ‘ _ Characteristics

LIS M

1 The energy source should have a high energy value. .

Z. A large sipply of the energy should be avarlable. ST

3. -The supply should be easy-to process. o -

-

O

4 The energy supply should be storable and transportable. )

e 5 The extraction and utilization of the energy source should not have negative en-
° vironmental effects or threaten our health or wel}-bemg -

N
AN

® There 15 no perfect energy source. In order to compare the relatn(le d&snrabmiy of
energy sources, we must'consider the advantages and disadvantages. . - h

N

" -

LEARNING ACTIVITIES: . . o .

- -

Students may e , : ‘ ? : -

.’ ® Design a matrix for comparirig the relative desirability of various energy sourges. The ~
matrix should incorporate the five'characteristics given in the mstructional develop-
ment section (it might also include additional charagteristics which they have thought

of) . ~
® Design a process for rating the relative des:rabxhty of the energy sources. One .
. recemmended procedute would be to ) -
1 _Compile data on ali five charactenistics for each energy source; v =

2 Rank the energy sources for each characteristic on the basis of desirability ang
assign numibers t the energy sources, giving the least desirable energy source the
. lowest number, "~ A .

M ! [ ) . ] U . .
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3 Add up the total characteristic ratings for each energy source; and
+ 4 The energy source with the highest total should be ;hé most desirable.

® Research and present illustrated reports on how people throughout history have met
thewr needs for energy Discuss why some of these sources may still be in general use
today while others are no lgnger used.
4

® Build an illustrated ume line to show the development and use of energy sources.

~

. Concept B. The Energy Sources Used Today

INSTRUCTIONAL OBJECTIVE: . ) )

To make students aware of the major energy sources utilized today and to emphasize the
fact‘that these are nonrenewabie « ’ ’ :

POINTS FOR EMPHASIS:

) ® Many different sources of energy are available to us

® There are two basic categories of energy sources renewable and nonrenewable.

® The major renewable energy.sources are dirdct solar radiation, the heat of the earth,
wind. and tidal energy. > :

©® The major nonrenewable energy sources are fissionable elements quldmg nuclear,
energy, and fossil fuels (coal, oil. and natural gas). )

-

® Today. our major energy sources are-

—. coal {17.5%)
— hydropower (4%) °© ' _ . . o
— nuclear power (1%) .
T = wood (1.4%)
_ +® Today's technology 1s geared 1o using nonrenewable fyels. _ .

N . *. -
LEARNING ACTIVITIES: ‘ > ' . -
"~ Students may s ' '

® Label and make explanatory charts to accempany displays of fossil fuels.

® Idenufy through reading and map construction where fossil fuel resources are.located
throughout the world Use this information to study world trade, alliances, and conflict

- ” ™~

among-nations. CT . . »

® Research and report on supply and demand studies.

@ Research a'r"nd report an the contributions of representatives of d:fferent_ nations to .
energy technology . : . )
. L Analyze and discuss the problems of allocation in the United State's and among the

nations ¢f the worlg. .. . -
L4 , t -

[ ]

— ﬁa&ural‘gas (32%) S e ..

e




- - .

' @ Determine’ costs for extractrng, converting and transpomng the vaerus types of foss:l
fuels.

R ® Write edrtorrals that explam why we depend so heawvily on foss:l fuels, what dangers
. e involved in this dependence and what we can do about 1t.

] Compare the relative desirability of the major and minor energy sources used today,
' us:ng the matrrx and rating process developed earhier m thls unrt

-

»

.. Concept C. Epergy Sources of the-Future . . .

[ - ’ h. Cd
.
. R .

v

* INSTRUCTIONAL OBJECTIVE: ~ . | ey
To acquaint students with possible alternative energy sou;ces for the future .
POINTS FOR EMPHASIS: : A
‘ Some ofthe major continuous or renewable energy sources available to us are . ‘
| Solar radiation ° . ’ . -
. A Directly utihzed by means of J . )
| 1, Optical devrces. such as reflectors 'Iehses ) -

2 Photochemlstry photpelectricity. and thermoelectncrty T s
Indrrektly utilized through : KRR

1 Photosynthesrs upon whrch living organisms depend for food and whrch ~in
. . addition, provrdes many useful matenals (e.g., wood ard-other burldmg

matenals rubber, fibers as well as fuels hke wood, aldoho] and turpentrne
£gxtracted from vegetation) ;

.
- 5.
- >

' . 2 Use'of . - / - -

‘a3 Water raised by the sun, moved by the winds, a;<d caught on the descent
b. Winds ’ T :

. .
- - S . N . "
. - LI }

c Drfference In,tempeérature between atmosphere and the earthi ‘the heat\ i

., pump’ ) and the ocean ) , ‘ ] _
“* 7 1l. The'heat of the earth tapped throug.h volcanic vents '
e
lll Tidal power ) ¢ . J © -

® Research IS NoW berng done to harness the following energy sources for the future

-

\ — Fossrf fuel souroes oil shale, tar sands, and coal gasrf‘wtron

. /)

0O

— Natural or continuous sources geothermal, solar, tidal and wmd

— Other sources hydrogen, fuel cells. magnets, hydrodyn;amrcs burning oftrash <
nuclear fissiorty(breeder reactors), and thermonuclear fusion -

LEARNING ACTIVITIES: - ' oo '

Smdents may. Coe e o < .!
® ‘Re%earch'and réport on current explorations for new energyjsources and methads !or

harnessing these new energy sources to perform useful work. . .
R : . o

. - - ¢

R R

o}




. . ‘ * II

« «@® Research and- prepare 2 debate or panel dlscusswr) on the pesstive and n.eg'auve
aspects of some of the newer energy sources. {250,000-year lifetof radioactive
plutonium might be considered rather, dangerous.)

‘e,

Research and report oh the methods which are being proposed to improve use of
fossilfuels. . T, -

0 . ©
® Study the waste factors in the conversion and use of present day fuels and present .
) of?l-reports. . ;

®- Study and discuss the careers of scientists and technologists whose work deals with”
energy exploration .

¢ ® Comduct an energy education fair displaying student demonstrations and ex-
) periments dealing with learning about all sources of energy.

. .
- < -~ -

-
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o UNIT 3: THE ENERGY SITUATION TODAY
UNIT PURPOSE: : ’ £

To make students aware of the m.ajor factors mfluen?:n;xg the energy situation today.
ENABLING CONCEPTS:
A. How energy is used in the United States today
B The:domestlc supply of fossul‘fuels in the United States today
C. Factors .a?fecimg the ;vaulabthty of fossil fuels in the United States today
D. What we can learn from the energy crisis
. : : . .

L 1.

Concept A. How Energy Is Used in the.United States Today

INSTRUCTIONAL OBJECTIVE:

" To make students aware of the major user§ and uses of energy in our country today and
of the far-reaching effects an energy shortage has on these areas of use.’

POINT FOR EMPHASIS:

. ® Bnergy 1s so much a part of our lives that. if we have & problem with our energy
supply. most aspects of our lives are quickly affected. ‘ )

LEARNING ACTIVITIES: | - : . .

Students may - ) .

o

Research and write papers on one of the following: .
The process of converting electricity from various energy sources

The benefits and drawbacks of using electricity as an energy source
<

. What measures can be taken to reduce the amqunt of Yossi fuels \;/as:ted.through_the
* generation of electricity.

£ * ~
® Find qut how electricity Is generated in or for their community. It would be valuable
either for the 'students-to visit the local power plant or to arrange for a-guest-speaker
“  from the local power company to describe how electricity is gengrated for the cori-
munity, what measures are being taken to improve the efficiency of the -conversion
»*  processes, and how individuals can conserve' electricity.

‘® Research newspaper or journal articles for evidences of an energy shortage eit
‘3 {ocal or national-evel. . . .

® Find out how much money is spent per month by theisschool for electricity, fuel for
heat, .and any other energy-related expenditure. Design a campaign ;d save energy
within the school. After one month, compare the amount of money spent before and
* after the campaign and discuss the outcomes. If the expenditures are lower after the
campaign. discuss how much of this reduction'might be due to énergy-saving efforts
and how much might be due to warmer outside temperatures,. school vacations, or
other variables A similar project might be carried on within the home.

® Find out where the phone company- gets its electricity.

. -




Y |

Y reserves of fossil fuels in Ohio will last, and. what measures can.be taken to extract -

Concept B. The Domestic Supply of Fossil
Fuels in the United States Today ' ¢ © .

INSTRUCTIONAL QBJECTIVE:

To make students aware that-our supplies of fossil fuels wilt not last forever. Current fuel
shortages ace a result of shortages in the availability of fossil fuels as well as shortages
In our resefve supplies of fossil fuels. )

POINTS FOR EMPHASIS: . . .

® All‘the major sources of energy are fossil fuels.

L

@ Current energy shortades are not a result of a total depletion of our domestic reserves.

® Current energy shortages have resulted because supplies of domestic-fossil fuels have

not-been made available fast enough to meet the tremendous increase in demand for
"them ’ ’

LEARNING ACTIVITIES:

Students may

L]
® Research and discuss some of the problems involved in extracting reserve supplies of
oil, coal, and natural gas.

® Write a newspaper article on the energy resources avgilable in Ohio, how long the -

and utilize these reserves more efficiently. Include a discussion of the waste factors 1n
the conversion and use of present day fuels.

® Research the various methods for extracting oil, coal and natural gas. The findings
may be reported graphically through posters, charts or models and the advantages and
disadvantages of each methdd discussed. .

-

. . i \
Concept C. Factors Affecting the Availability of Fossil
. Fuels in the United States Today o
INSTRUCTIONAL OBJECTIVE: - - : .o LT

To make students aware of the factors affecting thp availability of fossil fuels in the
. United States today and of possible solutions to the problem of availability.

POINTS FOR EMPHASIS:

® The key factors affecting the availability of fossil fuels in the United States today are
nationwide economic policies, environmental legislation and nonfuel uses of fossil
fuels Nationwide economic palicies have kept the price of eRergy low in this country,
. much lower than i other nations. The fact that energy prices are lower in this country
has had the most damaging -effect on the availability of domestic petroleum and M
natural'gas.

® Low. price policies have encouraged American oil companies to sell therr products
for higher prices to foreign countries and to increase foreign energy supplies through
exploration and expanding refinery capacities in those countries.

® Low price polisies and severe governmental regulations have discouraged American :
industries from further exploration for new resources, and from expansion of refinery
capacities in the United States. o

-~ %3 3

. 70




\
»

* - *

® Environmental legislation has affected the current availabilty of domestic energy A

.supplies Alsp, there are groups of concerned citizens who oppose the construction ‘of

. nutlear plants for reasons of safety. Many others oppose coal mining methods that
scar and leave the land unreclaimed .

. / L4
® Another factor which has affected availability of fossil fuels i1s the tremendous in-
crease in the demand for these energy sources to be used for nonfuel pugposes. For
example. gas’-is used in the manufacture of synthetic rubber, oil and water-based
paint, dishe$. indigo dyes, ‘paper coatings, plastics, explosives, carbonated beverages, .
antifreeze. aerosols. films and vinegars.

-

LEARNING ACTIVITIES: " - )

. . oy
Students may -

. ®.Study and report on legislative measures dealing with energy. Discuss the pros and - S
cons of these proposed policies . -

® Research and report on the effects of goversimental air quabity control on the use and .
availability of coal, oit and natural gas

® Write news articles on governmental poiicies that both encourage the dévelopmeng of
domestic energy supplies and yet maintain envirorimental standards. )

. ® Have a panel discussion on the relative importance’ of using nonrenewable fossil
energy sources as fuels versus saving them for nonfuel purposes. ) .

® Discuss the alternatives in the manufacture of various products if nonrenewable fossil
J fgels are reserved strictly for fuel purposes. . -t

- ® Discuss the positive and hegative aspects.of lowering air quality control standards for
’ automobile manufacturers, steel manufacturers, and other industries in the interest of
corderving fuel. ’ . .- ) . .

® Make Tecommendations for legislaton that would énc“our\age exploration for new
enetgy reserves in the United States'as well as the expansion of domestic sefinery . ’
“capacities Base recommendations on curgent jourhal and newspaper articles and in-
terviews with relevant resource people. * - ) .

® Discuss the responsibility of the American o1l industriessdin Eelpmg to'solvé the~e°nerrgy .
" problem. - : s T . S

" -

Concept D. What We Can Learr.; From the éngrgy Crisis

~ .. . . . N

. INSTRUCTIONAL OBJECTIVE: o4 -

»

y L4 .

el

To make the students aware of what the energy crisis 1s.all about and what we can learn .

from 1t - '

~

POINTS FOR-EMPHASIS: | . -
o Th‘e following circugnstances set the stage fgr the energy crists:

the-constantly increasing demand for more and more oil within the Upited States,

domestic supplies of oil which were too low to reet the domestic demand, and

the need to import o1l and natural gas to meet energy requirements, cn

%o :

‘ : *

EMC * \ . , - e . _ - ‘

. ’
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- ® The Middle East oif embargo heighténed the impact of our growing energy problem.
® The energy cnisis has emphasized three needs clearly: .
“ 1 The necessity for our nation to become self-sufficient :n meétmg our energy needs.

2 The necessrty of our finding new, renewable energy sources and developing feasi-
' ble techmques for thewr utilization so that we are prepared when our supplres of,

fossil fuels are exhausted . . 7

3 The need to conserve our fossil fuel supplies as long as possible so that we have .
-+ more time to research and perfect techniques of utilizing new energy sources.

LEARNING ACTIVITIES .

o Students may: . . T . ~

L l'ntervrew members of their community to determine what they feeI are the cause and
the srgnrfrcance of the energy cnisis. On the basis of the data the students collect, t
may Wwrite a newspaper article which will help to clarify the energy crisis for the com-

munity. :
R .

® Write an editorial on “What's Good About the Energy Crisis.”
® Have a panel discussion on the importance of conserving our fossil fuels to
, — allow us more time to develop new energy sources as fuels, and :
. . ¥

— save fossil fuels for nonfuel production purposes.

o Develop and utilize mventorres to determune how energy is wasted at horfie and- n

public places. . .

* @ Wnte a paper on the problems of convincing a/f citizens that there 1s an energy crisis
- ) *and that each must make personal sacrifices to conserve energy. Propose solutions to
overconie thqse problems.

® Discuss-the dynamics of human mteractron in terms ‘of the energy trisis and its short
. and long range solutions. Include self- interesy as compared to cooperation on an in-
* dividual, national and mternatraaal basis.

S ® Simulate a Senate subcommittee mvesngatmg the possrbrlmes of outlawing night
. . baseball, Indianapolis, 500, domed stadiums (like the Astroddme), late night TV, and .
. -other energy-consummg Tecreation.

® Petition grocery stores to stop wrapping and packaging food in useless contamers—
.. heads of lettuce in polyethylene, pork chops on styrofoam trays which then are
~ wrappetl and the like. . .

® Conduct and pubhsh a study of how busmesses and mdustnes/are cutting .back onr
energy use Prepare a similar study on energy cutbacks by institutions such as schiools
and hospitals. - . . o

® Use statistical data to predict energy consumption trends. .

® Depelop value objectives for forming an individual energy conservation ethre.

!
. i . - . .
. . A < ~ »
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UNIT 4: WHAT WE CAN DO TO IMPROVE THE-ENERGY
SITUATION OF TODAY AND OF THE FUTURE .

Lt ' . ~ .

'

UNIT PURPOSE:

To make students aware of what needs to be done and how they may help to improve the
energy situation today and in the future. , :

ENABLING CONCEPTS: .
A What we can do to ease the energy shoftage today . N
B What we can do to prepare for the future

.

. - Concept A. What We Can Do ¥ Ease the Energy | .
’ Shortage Today o !
< . * :

INSTRUCTIONAL OBJECTIVE:

3
g To make students aware of how they can ease the energy shortage today through helping
to decrease the demand for energy. -

POINTS FOR EMPHASIS: ' )

-

@, it 1s important to conserve our fossil fuels for two major reasons: .

f to give us more time to identify new energy sources and to develdp the technology
Fequired to convert these new energy sources into useful work, and

to save as much of our fossil fuel supply as possible for nonfuel purposes.

® As individuals we can do mahy things tq conserve energy. For example, we can boycott
or.discourage use of machines that are not designed to use energy efficiently.

® It 1s important to compare how efficiently different brands of a product use energy d
before deciding which brand 1p buy. If everyone did this, it would encourage manufac-
turers to develop products which use energy efficiently.

® Anothier very important factor contributing to the tremendous demand for energy is - S
thai-many Arfiericans waste energy. We tend to waste energy by using nonhuman
* energy to do thmbs that we could -do just as well ourselves or to produce things that
we don't really need, and by such things as leaving the lights or TV: on wherfwe are
not using them. .

.
* . ——— 4

LEARNING ACTIVITIES:

Students may

L -

». ® Research and prepare repotts on the relative efficiency of different brandsof the same
- product Each student (or small group of students) may resealch a different product
and design and print a report on the composite findings of the class to distribute to
[ other students and parents. (Student version of Energy _Consumer Report.)

" @ Design brochures to mforgn the public about what they candoto easg energy demand.

® Set up personal -energy conservation goals. Conduct.periodic checks to determine *
whether or not those goals are being attained * .

.

S & R
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0 Consult i1ssues of Consumer Report or other sumfilar publications to investigate the
means by which cohsumer products are tested for efficiency. Some of these methods
_may then be adapted so that students can conduct simple tests for efficiency within

- “the classroom. . P . I

® Hold class and student council meetings to propose and adopt, thrriugh student vote,
' methods of conservmg energy within the school' Elect a school-engrgy conservation

committee.
»

® Conduct and publish the results of community surveys. Example. how many.cars pass
a designated point with a driver but no passengers? .

-

® Learn to read electric and gas meters to determine home use*

- ~ ,
. -

Concept B. What We Can Do to Prepare for the Futisré : y

.

INSTRUCTIONAL OBJECTIVE:

To make students aware of what needs to be done and how they can help to msurethe
availability of energy sources in the future . ‘

POINT FOR EMPHASIS: o T ~ T

_~ s’ =

<y

® Regardless of how well we conserve our nonr.enewable~energy sources, eventually
they will run out We heed to start to prepare for the future now. We need to research
and develop renewable energy sources for the future. Déveloping new, rengwable
energy sources sufﬁcrent to meet our national-needs is a phenomenal task thadwill re-
quire a great deal of time. Conserving energy today will | give us more.time, but oniy a -
wholehearted national commitment to energy conservatuon will solve the probfem.

. LEARNING ACTIVITIES: ot .- -

Students may:

)

0 Write edrtonals to urge the general public to conserve energy. ’ : -
b - - .
® Intervrew community members to find out how they feel abouft the taxpayer s dollars
going for research related to finding new energy sources. On the basis of the inter-
views, students may write editorials to convince the community of the smportance of .
Jesearch in this area. . , - ¢

® Wnte to their congressman to find out what legslatron has been passed or 1s bein
proposed to help insure adequate, available, usable energy sources tor the future. . . .

|
.

©® Talk to service clubs, rndwudually or |n teams, concernrng the energy preblem.

® Develop individual science’ projects related to the various aﬁpects of the energy
problem.

0 Interview members of the community who work in energy-related occupatuons Use
. * the telephone directory and warﬂ ads as 'a survey source to identify energy-related
careers. - - .

. a,
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rules

to help conserve fuel'
N schools "

Lower thermostat settlng‘s.to
“sweater comfort® heating. ’

Avond blockmg heating vents or air
return grills with furniture or\drapes
A
-

Contral room temperatures wnth
‘thermobtats, not py opemng

windows.

[ -
Reduce fresh- alr ventilation {
to the minimum required by

state and locaa codes.

[ 4

Turn off unused Lghts and
e’ectncal equzpment

4 Use limited number of euts%dedoors— ]
keep doors closed when not in use. -

Establish a program of preeentn,e .
. fra'ntenance for i'eahrg water
* heat 1.g and foed service egqu pn'ent

COOPERATION CONSERVES ENERGY’ :
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rules

to help conserve fuel
m schools

Lo’wer thermostat settmgs to
* “sweater comfort” heating. '

Avoid blockihg heating vents or air -, ST
return grills with furniture or-drapes. - ’
R e o . -
Control room temperatures with
thermostats, not by opemng
“windows. :
» r

Use limited number of outsjde doors— _ /
keep doors closed when not in use. - P2

Reduce.fresh air ventilation
to the-minimum required by
state and local codes. S

~

Turn off. ﬂnuséd lights and
-electncal equment

Establish a program of pteventive * -, ¥ "
maintenance formheating, water
heatmg and food servnce equnpment

CDOPERATION CONSERVES ENERGY'
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